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1.0 PURPOSE 
This document d e t a i l s  t h e  mission o b j e c t i v e s  and experiments f o r  the  
Apollo-Soyuz Test  Project  (ASTP). The experiments a r e  derived from t h e  
from the  Mission Implenientat ion Plan (Ref erecce 1) . 
This Mission Requirements document provides mission planning support  
f o r  t h e  implementation and accomplishment of t h e  d e t a i l e d  experiments. 
Constra ints  a s  r e l a t e d  t o  each of t h e  d e t a i l e d  experiments a r e  provided 
i n  Volume I of t h e  ASTP Operational Data Book (Reference 2) .  
This document w i l l  c o n t r o l  Apollo s p a c e c r a f t  mission requirements 
used i n  mission planning and has precedence over a l l  JSC o r  con t rac to r  
documents i n  t h i s  r espec t .  
2.0 INTRODUCTION 
2.1 MISSION PURPOSE 
The program ob jec t ive  is t o  develop and t e s t  systems f o r  rendezvous 
and docking of f u t u r e  manned spacecra f t  and s t a t i o n s  t h a t  would be s u i t a b l e  
f o r  use a s  a s tandard i n t e r n a t i o n a l  system. This w i l l  inc lude t h e  rendezvous 
and docking of Apollo and Soyuz spacecra f t ,  and crew t r a n s f e r .  J o i n t  and 
u n i l a t e r a l  experiments w i l l  be conduc~ed.  The conduct of the  mission w i l l  
inc lude : 
(1) t e s t i n g  of compatible rendezvous systems i n  o r b i t ;  
(2) t e s t i n g  of un iversa l  docking assemblies;  
( 3 )  v e r i f y i n g  t h e  techniques f o r  t r a n s f e r  of cosmonauts and 
as t ronau t s ;  
( 4 )  performing c e r t a i n  a c t i v i t i e s  by USA and USSR crews i n  
j o i n t  f l i g h t ;  and 
(5) gaining of experience i n  conducting j o i n t  f l i g h t s  by USA and 
USSR spacecra f t ,  including,  i n  case  of necess i ty ,  rendering 
a i d  i n  emergency s i t u a t i o n s .  
2.2 FLIGHT MISSION DESCRIPTION 
2.2.1 General 
The following paragraphs desc r ib ing  t h e  f l i g h t  operat ions  p e r t a i n  t o  
a f i r s t  oppor tuni ty  nominal mission performed on Ju ly  15,  1975. Orbital  
parameters and rendezvous p lans  w i l l  change f o r  t h e  second through f i f t h  
launch oppor tun i t i e s  (as  descr ibed i n  paragraph 2.2.10) . 
2.2.2 Launch t o  Orbi t  
The Soyuz space v e h i c l e  i s  t o  be launched f i r s t  from t h e  Soviet  launch 
complex a t  Baikonur, Kazakhstan a t  0820 EDT i n t o  a 188 by 228 km o r b i t  with 
an  i n c l i n a t i o n  of 51.8'. Oc t h e  f o u r t h  o r b i t  a f t e r  l i f t o f f ,  t h e  Soyuz w i l l  
i n i t i a t e  the  f i r s t  of two maneuvers t o  c i r c u l a r i z e  t h e  o r b i t  a t  225 lan. The 
second maneuver w i l l  occur on the  17th  Soyuz o r b i t .  
A t  about 4-112 hours af t e r  Soyuz launch, t h e  USSR w i l l  t ransmit  
t h e i r  Soyuz o r b i t a l  p red ic t ion  t o  the US Control  Center taking t h e  Soyuz 
f i r s t  maneuver i n t o  account. A t  about 6 hours a f t e r  t h e  Soyuz laanch,  
updated o r b i t a l  parameters f o r  the  Soyuz spacecra f t  w i l l  be  t ransmit ted 
by t h e  USSR t o  t h e  Apollo Mission Control  Center - Houston, t o  permit 
f i n a l  launch t a r g e t i n g  of t h e  Apollo space veh ic le .  
A t  approximately 7 hours and 30 minutes a f t e r  t h e  Soyuz launch, the  
Apollo space v e h i c l e  w i l l  be launched from t h e  Kennedy S ~ a c e  Center launch 
complex 39B by a Saturn 1 B  launch vehic1.t. The Apollo w i l l  be  i n s e r t e d  i n t o  
a 167 by 150 km o r b i t  with an  i n c l i n a t i o n  of 51.8'. 
Transposi t ion and Docking 
Approximately one hour a f t e r  P-pollo l i f t o f f ,  t h e  SLA panels  w i l l  be  
j e t t i s o n e d  and the  CSM w i l l  detach from t h e  S-IVB launch v e h i c l e  s tage.  
Transposit ion,  docking and e x t r a c t i o n  of the  docking module (DM) v i l l  then 
follow and w i l l  be completed by approximately 2-1/2 hours a f t e r  l i f t o f f .  
The Apollo spacecra f t  w i l l  then perform a posigrade evasive  maneuver t o  
avoid recon tac t  with the  S-IVB stage.  
Depending on t h e  r e a l  t i m e  a n a l y s i s  of S-IVB prope l lan t  r e s i d u a l s ,  an 
attempt w i l l  be made t o  d e o r b i t  t h e  S-IVB s t a g e  i n t o  a p rese lec ted  a r e a  
of the  P a c i f i c  Ocean, 
Apollo Maneuvers 
The CSM w i l l  be t h e  a c t i v e  v e h i c l e  f o r  rendezvous and i t  w i l l  per- 
form a l l  t h e  necessary phasing and c los ing  maneuvers t o  accomplish t h e  
rendezvous. These maneuvers w i l l  be designed t o  e s t a b l i s h  a s tandard geo- 
m e t r i c a l  f i n a l  approach t o  t h e  Soyuz spacecra f t  f o r  a l l  launch oppor tun i t i e s .  
2.2.5 Docked Phase 
After  Apollo/Soyuz docking, a n  a t t i t u d e  p r o f i l e  w i l l  be maintained 
which is c o n s i s t e n t  with t h e  j o i n t  requirements f o r  s o l a r  ex?osure, 
thermal cons idera t ions ,  and experiment pointing.  The f i r s t  crew t r a n s f e r  
should be scheduled as soon a s  p r a c t i c a b l e  a f t e r  docking. To begin  t h e  
crew t r a n s f e r  sequence, two USA crewmen w i l l  a c t i v a t e  t h e  docking module 
immediately a f t e r  docking, and t r a n s f e r  through t h e  docking module t o  t h e  
Soyuz. For about two hours ,  t h e  two as t ronau t s  and two cosmonauts w i l l  
perform j o i n t  a c t i v i t i e s  i n  the Soyuz. Pr?-or t o  the  r e s t  pe r iod ,  the  USA 
crewmen w i l l  t r a n s f e r  back t o  the  docking module and w i l l  e n t e r  t h e  command 
module. Each crew member w i l l  r e s t  i n  h i s  own spacecra f t .  
During the  second day, a t o t a l  of th ree  a d d i t i o n a l  crew t r a n s f e r s  may 
be performed. Each a s t r o n a u t  and cosmonaut should have a n  oppor tuni ty  t o  
v i s i t  and perform j o i n t  a c t i v i t i e s  i n  the  o t h e r ' s  spacecra f t .  The amount of 
time spent i n  the  docked conf igura t ion  is  approximately "_wo days. During 
t h i s  time, j o i n t  s c i e n t i f i c  i n v e s t i g a t i o n s  w i l l  t ake  p lace  t o  include Ni-002 
(Microbial  Exchange), MA-150 (USSR Mult ip le  Mate r i a l  Melting) and MA-147 
( Zone-Forming Fungi). 
2.2.6 Post  Undocking J o i n t  A c t i v i t i e s  
After  undocking, t h e  Apollo and Soyuz w i l l  perform one a d d i t i o n a l  
docking t e s t  with t h e  Soyuz a s  t h e  a c t i v e  docking system. Experiments 
MA-059 (UV Absorption) and MA-148 ( A r t i f i c i a l  So la r  Ecl ipse)  w i l l  b e  conduc- 
ted  p r i o r  t o  tile f i n a l  separa t ion  maneuver between the  CSM and Soyuz. 
2.2.7 Post  J o i n t  Mission A c t i v i t i e s  
Based upon the  r e s u l t s  of the  l a t e s t  cryogenic consumables a n a l y s i s ,  
mission planning w i l l  be based on a mission dura t ion  of n ine  days. The CSM 
w i l l  have the  c a p a b i l i t y  of remaining i n  o r b i t  f o r  a maximum mission dura- 
t i o n  of eleven days t o  suppor t  a powered-down contingency mission. Addi- 
t i o n a l  experiments a s  w e l l  a s  o the r  t a s k s  w i l l  be  performed dur ing t h i s  
time period.  The DM w i l l  be  l e f t  i n  o r b i t  a f t e r  completion of the  Doppler 
Tracking experiment. 
2.2.8 Deorbit and Recovery 
The deorb i t  maneuver w i l l  be performed s o  a s  t o  permit  t h e  command 
module (CM) t o  land i n  the  P a c i f i c  Ocean near  Hawaii. Normal recovery 
opera t ions  w i l l  be  planned f o r  t h e  Apollo CM water landing. 
2.2.9 Post  Landing Operations 
Following splashdown, the  recovery h e l i c o p t e r  w ; l l  drop swimmers and 
l i f e  r a f t s  near  the  CM. The swimmers w i l l  i n s t a l l  the  f l o t a t i o n  c o l l a r  on 
t h e  CM and a t t a c h  the  l i f e  r a f t .  It i s  t e n t a t i v e l y  agreed t h a t  t h e  crew 
and CM recovery procedures a s  conducted dur ing t h e  Skylab Prcgram w i l l  be 
followed; t h i s  agreement p e r t a i n s  only t o  the  r e t r i e v a l  of the  crew and CM 
u n t i l  aboard ship.  
After  crew and CM r e t r i e v a l  onboard t h e  recovery sh ip ,  t h e  f i lm,  f l i g h t  
logs ,  experiments and r e l a t e d  d a t a  w i l l  be  r e t r i e v e d  from the  CM. The 
spacecra f t  w i l l  b e  offloaded from t h e  s h i p  and t ranspor ted t o  an a r e a  
where deac t iva t ion  of t h e  p rope l lan t  system w i l l  be accomplished. The CM 
w i l l  then be re turned t o  the  con t rac to r  f a c i l i t i e s .  
2.2.10 Sumnary of Prime and Al te rna te  Launch Times and Related Events 
The Apollo launch windows shown i n  t h e  following c h a r t  a r e  based upon 
launch of Soyuz on Ju ly  15, 1975. Each launch window s t a r t s  a t  two minutes 
p r i o r  t o  t h e  optimum payload launch time a s  defined by Figure 4 of the  JSC 
preliminary reference t r a j e c t o r y  document (Reference 3). Addit ional d e t a i l s  
of the  a l t e r n a t e  launch oppor tun i t i e s  a r e  a l s o  provided i n  Reference 3. 
I f  Soyuz i s  launched a f t e r  J u l y  15, t h e  Apollo launch windows and time 
of r e l a t e d  e-rents may change bu t  t h e  general  sequence of events  w i l l  be  
s i m i l a r  t o  the  plan f o r  the  prime and a l t e r n a t e  launches. Addit ional launch 
window d e t a i l s  a r e  defined i r  j o i n t  USA/USSR document ASTP 40100, Launch 


































































































































































































































































































































A. Experiment - A techn ica l  i n v e s t i g a t i o n  t h a t  suppor ts  sc ience i n  
general  o r  provides engineering,  technological ,  medical, o r  o the r  d a t a  and 
experience f o r  a p p l i c a t i o n  t o  t h e  Apollo/Soyuz o r  o the r  programs and is 
recommended by t h e  Manned Space F l i g h t  Experiments Board and assigned by 
the  Associate Administrator f o r  Manned Space F l i g h t  t o  t h e  ASTP Program f o r  
f l i g h t .  
B. I n f l i g h t  Demonstration - A t e c h s i c a l  demonstration of t h e  capa- 
b i l i t y  of an apparatus andlor  process t o  i l l u s t r a t e  o r  u t i l i z e  the  unique 
condirions of space f l i g h t  environment, I n f l i g h t  Demonstrations w i l l  be 
performed only on a non-interference b a s i s  with a l l  o the r  mission and 
mission r e l a t e d  a c t i v i t i e s .  U t i l i z a t i o n ,  perfonmance, o r  completion of 
these  demonstrations w i l l  i n  no way r e l a t e  t o  mission success.  
C. Trajectory  - The t r a j e c t o r y  d a t a  ( a s  shown under the  Data Require- 
ments f o r  var ious  d e t a i l e d  experiments) w i l l  be prepared f o r  the  up,-rs i n  
accordance with d e t a i l s  and format which a r e  under cons idera t i  remain 
t o  be defined.  The t r a j e c t o r y  d a t a  may be a v a i l a b l e  i n  three  i: 
1) magnetic tape;  2) microfilm; and 3) t a b  l i s t i n g .  
3.0 SUMMARY OF MISSION OBJECTIVZS AND EXPERIMENTS 
3.1 2RIMARY OBJECTIVES 
The primary objectives a r e  a statement of tasks associated with 
achieving the Program (. ,ect ive a s  s t a t e d  i n  paragraph 2.1. They a r e  
tasks tha t  have been jo in t ly  agreed upon between the USA and USSR. The 
following primary objectives have been assigned by the Office of Manned 
Space Fl ight  (OMSF) i n  the Mission Implementation Plan (Reference 1) :  
(1) Spacecraft Rendezvous 
(2) Spacecraft Docking and Undocking 
(3) Intervehicular Crew-Transfer 
(4) In te rac t ion  of Control Centers 
(5) Interact ion of Spacecraft Crews 
3.2 SUPPLEMENTARY OBJECTIVES 
Supplementary objectives a r e  those casks tha t  do not a f f e c t  the 
achievement of the primary object ives  of the mission. They a r e  tasks 
t ha t  have been jo in t ly  agreed upon between the USA and USSR and a r e  as  
follows: 
(1) Docked S p a c e c r ~ f t  Atti tude Control 
(2) Radio and Cable Communications 
(3) Test Docking and Undocking 
3.3 TECHNICAL INVESTIGATIOYS 
Technical invest igat ions consis t  of experiments and i n f l i g h t  demonetra- 
t ions a s  defined i n  paragraph 2.3. Some technical  invest igat ions a r e  plan- 
ned as  j o in t  a c t i v i s i e s  with the Soyuz, and others  a r e  ?erformed only by the 
Apollo crew. 
Experiments ae l i r t d  i n  Reference 1 a r e  de ta i led  and aesi.gned p r io r i t y  
i n  t h i s  document only i n  the  event tha t  they require  crew ac t ion  o r  o t h t w i e e  
impact the mission timeline. T.,ose experiments requiring only prc- and post- 
f l i g h t  a c t i v i t i e s  (such a s  MA-031 Cel lular  Immune Reaponee and MA-032 
Polymorphonuclear Leukocyte Response) a r e  b r i e f l y  i den t i f i ed  in  Section 4.0 
but a r e  not de ta i led  or  aesigned A pr ior i ty .  
3.4 TECHNICAL INVESTIGATION FRIORITIES 
The p r i o r i t y  assignment of experiments is  a s  ind ica ted  below f o r  use 
i n  planning the  i n f l i g h t  a c t i v i t i e s .  The p r i o r i t y  assignment is  based 
on the  r e l a t i v e  mer i t ,  urgency, or  importance of accomplishing each i tem 
i n  the  nominal t imel ine  f o r  insur ing maximum r e t u r n  of valuable  da ta .  This 
does not preclude performing those a c t i v i t i e s  having a lower p r i o r i t y  f i r s t  
i f  the re  a r e  v a l i d  reasons f o r  so  doing. 
When real t ime f l i g h t  planning i n A i c a t e s  t h a t  assigned t echn ica l  
inves t iga t ions  may not  a t t a i n  minimum scheduling o r  time requirements,  
the  technical  inves t iga t ions  w i l l  be considered f o r  f u r t h e r  reduct ion 
and/or cance l l a t ion  i n  terms of t h e i r  p r i o r i t i e s .  The F l i g h t  Di rec to r ,  
Program Director and Program Manager w i l l  be o r ie fed  on any plans  f b r  reduc- 
t i o n  and/or cance l l a t ion  of t echn ica l  i n v e s t i g a t i o n  a c t i v i t i e s  p r i o r  t o  t h e  
taking of any act ion.  
Technical Inves t iga t ion  P r i o r i t i e s  




















MA-060 (FUR) * 
MA-150 (FUR) * 







MA-070 (FUR) * 
MA-044 (FUR) * 
Experiments 
Extreme UV Survey 
Helium Glow 
Elect rophores is  - German 
I n t e r f a c e  Marking i n  Crys ta l s  
USSR Multiple Mater ia l  Melting 
Crys ta l  Growth from t h e  Vapor Phase 
UV Absorption 
Sof t  X-ray 
Light Flash 
Earth Observations and Photography 
Doppler Tracking 
Elect rophores is  Technology 
Zero-G Processing of Magnets 
Monotecti: and Syntec t i c  Alloys 
I Technical  Inves 
P r i o r i t y  
15 
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t i g  a t i o n  P r i o r i t i e s  (Continued) 
Experiments 
Microbial  Exchange 
NaC1-LiF E u t e c t i c  
Surface  Tension Induced Convection 
Bios t ack  
Geodynamics 
Zone-Forming Fungi 
S t r a t o s p h e r i c  Aerosol Measurement 
C r y s t a l  Growth 
A r t i f i c i a l  Solar  Ecl ipse  
C e l l u l a r  Immune Response 
Polymorphonuclear Leukocyte Response 
*The seven experiments labeled a s  "(FUR)" a r e  included i n  Sec t ion  4.0 of 
t h i s  document a s  pdst  of one d e t a i l e d  experiment t i t l e d  "MA-010 Multipurpose 
Furnace 'I. 
**These two experiments r e q u i r e  only pre- and pos t - f l igh t  a c t i v i t i e s .  A s  a 
* 
r e s u l t ,  a p r i o r i t y  assignment is not  appl icable .  
3.5 JSC POINTS OF CONTACT 
The JSC p o i n t s  of con tac t  f o r  t h e  requirements of the  experiments a r e :  
Zxperimen t s 
Microbial  Exchange 
S t r a t o s p h e r i c  Aerosol Measurements 
Multipurpose Furnace 
Elect rophores is  Technology 
Electrnplloresis  - German 
C r y s t a l  Growth 
Sof t  X-ray 
UV Absorption 
Extreme W Survey 
Helium Glow 
Point  of Contact  
G. R. ~ a ~ l o r / D D 5  
J. R. Bates/TN3 
P. S. ~aschke /PH 
P. S .  ~aschke /PH 
P. S. JaschkeIPH 
J. R. Bates/TN3 
S. N.  HardeeITN3 
W. F. ~ichelman/TN3 
R. R. Baldwin/TN3 






Earth Observations and Photography 
Zone-Forming Fungi 
A r t i f i ~ i a l  Solar Eclipse 
Point of Contact - 
P ,  E .  LaffertylTN3 
R .  A .  HoffmanIDD6 
J .  V .  Bailey /DD6 
P .  E .  Lafferty/TN3 
S .  N .  Hardee/TN3 
G ,  R .  ~aylorIDD5 
R. T. Giul i /~N23 
Pre- and Post-Flight Experiments 
MA-031 Cellular Immune Response S .  L .  Kimzeyl~B22 
MA-032 Polymorphonuclear Leukocyte Response S .  L. Kimzey/~~22 
4.0 EXPERIMENTS 
This s e c t i o n  conta ins  the  experiments recommended by t h e  Manned Space 
F l i g h t  Experiments Board and assigned by the  Of f i ce  of Manned Space F l i g h t  
(Reference 1)  . 
The necessary d e t a i l s  f o r  incorpora t ion  of t h e  experiments i n t o  the  
f l i g h t  p lan ,  and the  c r i t e r i a  f o r  d a t a  r e t r i e v a l  and eva lua t ion  a r e  pre- 
sent?d.  
Experiments t h a t  r e q u i r e  only pre- and pos t - f l igh t  a c t i v i t i e s  a r e  a s  
follows : 
MA-031 C e l l u l a r  Immune Response 
The purpose is  t o  c h a r a c t e r i z e  lymphocytic types and t o  eva lua te  
lymphocytes f o r  t h e i r  responsiveness pre- and pos t - f l igh t .  The experiment 
r e q u i r e s  a n a l y s i s  of pre- and p o s t - f l i g h t  blood samples. 
MA-032 Polymorphonuclear Leukocyte Response 
The purpose i s  t o  eva lua te  t h e  a b i l i t y  of human polymorphonuclear 
leukocytes t o  func t ion  proper ly  i n  t h e  d i s e a s e  prevent ion process  following 
s p a c e f l i g h t .  The a b i l i t y  of the  whi te  blood c e l l s  t o  p r o t e c t  t h e  body from 
b a c t e r i a l  i n f e c t i o n  w i l l  be  evaluated.  This t e s t  of t h e  leukocyte  funct io .  
w i l l  be  evaluated before ,  immedtately a f t e r ,  and a t  s e l e c t e d  i n t e r v a l s  a f t e r  
recovery of the  crew. The experiment complements t h e  c e l l u l a r  immune 
response experiment and w i l l  be performed wi th  pre- and p o s t - f l i g h t  blood 
samples. 
AR- 00 2 MICROBIAL EXCHANGE 
Obtain microbia l  samples from a l l  
crew members and both spacecra f t .  
Purpose 
The purposes a r e  t o  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  measure the  
microbia l  load of the  Apollo and Soyuz crew members and of both s p a c e c r a f t ,  
i n  order  t o  determine s p a c e f l i g h t  mediated a l t e r a t i o n s  and t h e  degree of 
microbia l  exchange among crew members. 
The f u n c t i o n a l  test o b j e c t i v e s  a r e :  
FTO 1) Take mic rob ia l  samples from a l l  crew members. 
FTO 2) Take microbia l  samples from both  spacecra f t .  
Test  Conditions 
FTO 1) Plicrobial  samples w i l l  be c o l l e c t e d  from a l l  f i v e  crew members 
FTO 2) and from both  s p a c e c r a f t  dur ing t h e  f l i g h t .  
The swabs used f o r  c o l l e c t i o n  of the  microbia l  samples w i l l  be 
launched and s to red  i n  t h e  Soyuz i n  four  s to rage  conta iners .  
Two of t h e  con ta ine r s  wi th  swabs w i l l  b e  t r a n s f e r r e d  t o  t h e  
CSM f o r  i n f l i g h t  sampling i n  t h e  CSM and w i l l  be re turned t o  
t h e  Soyuz f o r  stowage and r e t u r n  t o  e a r t h .  The o t h e r  two 
s to rage  con ta ine r s  wi th  swabs w i l l  be used f o r  i n f l l g h t  
sampling i n  t h e  Soyuz. 
P r i o r  t o  sampling, t h e  equipment must be  s t o r e d  at  a  temperature 
of 20" +lO°C. Afte r  sampling, t h e  experiment nust be  s t o r e d  a t  
the  c o o i e s t  temperature poss ib le ,  between 2" and 30°C f o r  no 
longer  than four  days. 
A l l  of t h e  samples w i l l  be c o l l e c t e d  a s  l a t e  a s  p r a c t i c a l  dur ing 
t h e  l a s t  j o i n t  a c t i v i t y  - pre fe rab ly  dur ing t h e  l a s t  hour. A l l  
samples w i l l  be re turned i n  t h e  Soyuz i n  o rde r  t o  minimize the  
time from sample c o l l e c t i o n  t o  ana lys i s .  
Tes t  Requirements 
FTO 1)  Crew microbiological  samples w i l l  be  taken from t h e  following 
areas :  
Hair on top of head 
Auditory cana l s  
Back of neck below h a i r l i n e  
PREEDING PAGE BLANX NOT 
0 N o s t r i l s  (Nasal cav i ty )  
0 Throat (Tonsi l  a rea )  
0 Hands (Palm) 
FTO 2) A t o t a l  of 15 samples w i l l  be taken from each spacecra f t  a t  
the  loca t ions  shown i n  Table 1. 
Table 1. Sample Col lec t ion  Locations 
SAMPLING SOY UZ SAMPLING APOLLO 
Commander couch 
Engineer couch 
Control  panel  
Surface  near pane's of Soyuz 
descent v e h i c l e  
Surface  near hatch i n  descent  
v e h i c l e  
Hatch cover i n  descent  v e h i c l e  
Surface  of s a n i t a r y  device  
Food locker  i n  o r b i t a l  module 
Couch i n  o r b i t a l  module 
Surface  of r e a r  panel  i n  the  
o r b i t a l  module 
Surface of the  couch i n  the  
o r b i t a l  module 
Surface near fan  
Surface over food locker  i n  
o r b i t a l  module 
Transfer  hatch 
Surface  near t r a n s f e r  hatch 
0 Lef t  X-X head s t r u t  
0 Right X-X foo t  s t r u t  
0 Right hand couch s t a b i l i z e r  
beam 
0 Tunnel a r e a  
0 Locker A 1 
0 Lefthand r o t a t i o n a l  hand con- 
t r o l l e r  p i s t o l  g r i p  (both s i d e s )  
Right g i r t h  she l f  above panel  
278 
0 Panel  325 
0 Above l e f thand  g i r t h  s h e l f  
(above U3) 
0 Cover p l a t e ,  Ordeal stowage 
locker  (U3) 
B6 door behind stowage bag 
0 I n s i d e  door of Food locker  (L3) 
0 Top of VTR module 
0 Panel  251, waste  management dump 
0 Forward of panel  225 
Data Requirements 
1) Premission Data: 
a) Microbial  samples from a l l  crewmen during t h e  45-day period 
p r i o r  t o  launch (Note: S imi la r  d a t a  w i l l  be obtained f o r  
t h e  30-day per iod a f t e r  splashdown). 
b) Microbial  samples from t h e  CSM t h e  day p r i o r  t o  launch 
(Note: Similar  d a t a  w i l l  be  obtained from t h e  CSM a s  soon 
a s  poss ib le  a f  ter splashdown). 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
a )  Telemetry Measurements : 
None 
b) Telemetry Tapes: 
None 
c )  Onboard Astronaut Voice Transcr ip t :  
None 
d) Astronaut Debriefing: 
None 
e )  Trajectory:  
None 
f )  Inf l i g h t  microbia l  samples from each crewman and both 
spacecra f t  (Note: These samples w i l l  be re turned t o  
e a r t h  by t h e  Soyuz and, hence, a r e  no t  p a r t  of t h e  CM 
r e t u r n  payload). 
g) Laboratory analyses  of a l l  samples taken during t h e  45-day 
p r e f l i g h t  per iod,  t h e  in£ l i g h t  per iod and t h e  30-day post- 
f l i g h t  period. 
AR-002 MICROBIAL EXCHANGE 
Background and J u s t i f i c a t i o n  
S i g n i f i c a n t  p o s t f l i g h t  m i c r o b i a l  a l t e r a t i o n s  have been observed i n  
samples ob t a ined  from a s t r o n a u t s  and command modules a f t e r  p r ev ious  miss ions .  
Suppor t ing  ground s t u d i e s  i n d i c a t e  t h a t  such  a l t e r a t i o n s  may r e s u l t  i n  
p o t e n t i a l l y  harmful  m i c r o b i a l  imbalances.  T h i s  experiment  should  p rov ide  a  
thorough e v a l u a t i o n  of such a l t e r a t i o n s  b e f o r e ,  du r ing ,  and a f t e r  t h e  f l i g h t ,  
The use  of two crews and two s p a c e c r a f t  a l l ows  f o r  q u a n t i t a t i v e  comparisons 
and i d e n t i f i c a t i o n  of m i c r o b i a l  exchange. 
USSR s c i e n t i s t s  have r e p o r t e d  m i c r o b i a l  changes i n  cosmonauts t h a t  
appear  t o  have been in f luenced  by space  f l i g h ~  parameters .  S i m i l a r  changes 
have been r e p o r t e d  by USSR s c i e n t i s t s  i n  dogs s u b j e c t e d  t o  s p a c e f l i g h t .  
They r epo r t ed  t h a t  a l though a c c e l e r a t i o n  and v i b r a t i o n  on t h e  ground has  no 
e f f e c t  on m i c r o f l o r a ,  t h e  "space" dogs demonstrated " i n t e s t i n a l  b a c i l l i ' '  i n  
t h e i r  o r a l  c a v i t i e s  a f t e r  two days of f l i g h t .  T h i s  was i n t e r p r e t e d  t o  be  a 
r e s u l t  of s p a c e f l i g h t  d e c r e a s e  i n  immunological a c t i v i t y  of t h e  s u b j e c t s .  
NASA s t u d i e s  of t h i s  t ype  began w i t h  comparisons between pre-  and pos t -  
f l i g h t  specimens c o l l e c t e d  on one of t h e  Gemini f l i g h t s .  The a n a l y s i s  of 
t h e s e  specimens i n d i c a t e d  a  d e c r e a s e  i n  types  and a n  i n c r e a s e  i n  t h e  t o t a l  
numbers of microorganisms recovered  p o s t f l i g h t .  Also t h e r e  was ev idence  of 
m i c r o b i a l  exchange t r a n s f e r  between crew members. When e v a l u a t i n g  t h e s e  
specimens, i t  was i n d i c a t e d  t h a t  t h e  observed m i c r o b i ~ l  changes may n o t  b e  
compat ib le  w i th  t h e  h e a l t h  of t h e  a s t r o n a u t s .  
Ana lys i s  of pre-  and p o s t f l i g h t  samples from Apollo 1 4  crew members 
r evea l ed :  1 )  i n t e r c r e w  t r a n s f e r  of Staphylococcus a u r e u s ,  2) a n  830% in-  
c r e a s e  of a e r o b i c  b a c t e r i a ,  and 3) t r a n s f e r  of  microorganisms from crew 
members t o  s p a c e c r a f t .  A d r ama t i c  p o s t f l i g h t  r e d u c t i o n  i n  t h e  number of 
mycologica l  s p e c i e s  recovered  from Apol lo  1 4  crew members was l a t e r  v e r i f i e d  
w i t h  t h e  Apol lo  1 5  crew. 
Th i s  p a r t i c u l a r  sampling method was used  p r e v i o u s l y  i n  t h e  USSR manned 
space  program. An analygous system of sample c o l l e c t i o n  was used  i n  Skylab. 
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ASTP offers  a unique opportunity to conduct microbiological studies,  
with f i v e  crewmen and two spacecraft from different geographical locations. 
Previous Mission Experience 
Operational 
Objective Number - Ti t l e  Mission 
20.10 Environmental Microbiclogy Sky lab SL-2 ,SL-3, SL-4 
STRATOSPHERIC AEROSOL MEASUREMENT 
Measure t h e  concen t r a t ion  and v e r t i c a l  
d i s t r i b u t i o n  of a e r o s o l s  i n  t h e  atmos- 
phere. 
Purpose 
The purpose is t o  measure t h e  concen t r a t ion  and v e r t i c a l  d i s t r i b u t i o n  
of a e r o s o l s  i n  t h e  s t r a t a s p h e r e .  Measurements w i l l  b e  accomplished by a  
remote-sensing method i n  which the  s o l a r  e x t i n c t i o n  w i l l  be measured by a  
photometer o p e r a t i n g  i n  t h e  near  i n f r a r e d  r eg ion  of t h e  spectrum d u r i n g  
pe r iods  of s p a c e c r a f t  s u n r i s e  and s p a c e c r a f t  s u n s e t .  
The f u n c t i o n a l  t e s t  o b j e c t i v e  is: 
FTO 1)  Measure t h e  s o l a r  e x t i n c t i o n  r e s u l t i n g  from a e r o s o l s  a t  space- 
c r a f t  s u n r i s e  and s u n s e t  by meens of a  photometer o p e r a t i n g  i n  
t h e  one micron wavelength region .  
T e s t  Condi t ions  
FTO 1)  A l l  e f f l u e n t  dumps w i l l  b e  i n h i b i t e d  du r ing  t h e  d a t a  c o l l e c t i o n  
pe r iods .  Data c o l l e c t i o n  w i l l  t a k e  p l ace  no sooner  than  30 
minutes a f t e r  an e f f l u e n t  dump. I t  i s  d e s i r a b l e  t h a t  maximum 
time s e p a r a t i o n  b e  al lowed a f t e r  e f f l u e n t  dumps ( i . e . ,  H20 
dumps, u r i n e  dumps, f u e l  c e l l  purges ,  wa te r  b o i l e r  ope ra t ion ,  
o r  DM atmosphere dumps) and b e f o r e  d a t a  c o l l e c t i o n  pe r iods .  
S p a c e c r a f t  cab in  l i g h t i n g  i s  t o  be minimum b r i g h t n e s s  du r ing  
d a t a  c o l l e c t i o n  pe r iods .  Flood l i g h t s  must be  OFF. 
The S A M  photometer w i l l  be mounted i n  t h e  CM r i g h t  hand s i d e  
window. A f t e r  i n s t a l l a t i o n  of the photometer i n  t h e  d o v e t a i l  
mount, and p r i o r  t o  t h e  d a t a  c o l l e c t i o n  per iod ,  t h e  photometer 
al ignment w i t h  r e s p e c t  t o  t h e  CSM w i l l  be  by p o i n t i n g  t h e  C S M  
such  t h a t  t h e  s o l a r  d i s c  i s  cen te red  i n  t h e  SAM t a r g e t  r i n g .  
The al ignment w i l l  be v e r i f i e d  be fo re  each  d a t a  t a k e  and re- 
pea ted  i f  t h e  photometer i s  removed from t h e  mount and r e in -  
s t a l l e d .  
The SAM photometer w i l l  be opera ted  f o r  f i v e  seconds a s  a n  
o p e r a t i o n a l  v e r i f i c a t i o n  p r i o r  t o  each d a t a  c o l l e c t i o n  per iod .  
The t e l eme t ry  d a t a  recorded o r  r e a l  t ime w i l l  be  used t o  check 
t h e  o p e r a t i o n a l  c o n f i g u r a t i o n  p r i o r  t o  t h e  d a t a  c o l l e c t i o n  
pe r iod ,  The check w i l l  b e  r epea ted  i f  t h e  photometer is  d i s -  
connected and reconnected p r i o r  t o  d a t a  c o l l e c t i o n .  
The RCS j e t s  must be configured such a s  t o  minimize contami- 
na t ion  of the  SAM FOV during d a t a  c o l l e c t i o n  per iods .  The 
SAM FOV should be f r e e  of contamination, during a l l  d a t a  col-  
l e c t i o n  per iods ,  i n  order t o  prevent degradat ion of the  data .  
A t  t he  s t a r t  of each da ta  c o l l e c t i o n  per iod,  the  SAM FOV 
c e n t e r l i n e  w i l l  be pointed a t  the  sun wi th in  the  2.0 degree 
t a r g e t  r ing .  During each d a t a  c o l l e c t i o n  period,  t h e  e n t i r e  
s o l a r  d i s c  must remain w i t h i n  t h e  10-degree f i e l d  of view of 
the  photometer. 
Tes t  Requirzments 
FTO 1) A minimum of one s e t  of da ta  w i l l  be co l l ec ted .  This s e t  of 
d a t a  w i l l  c o n s i s t  of two d a t a  per iods ,  wi th  each period being 
approximately two minutes i n  durat ion.  One d a t a  period w i l l  
s t a r t  a t  s u n r i s e  and w i l l  continue u n t i l  t h e  l i n e  of s i g h t  
from the  photometer t o  t h e  lower limb of t h e  sun is a minimum 
of 150 km (5.1') above t h e  e a r t h ' s  limb. The o t h e r  d a t a  period 
w i l l  s t a r t  when the  l i n e  of s i g h t  t o  t h e  lower limb of the  sun 
is  a t  a minimum of 150 km (5.1') above t h e  e a r t h ' s  limb and 
w i l l  continue u n t i l  sunse t .  
I t  is highly  d e s i r a b l e  t h a t  a balloon-borne d e t e c t o r  be used 
t o  provide ground t r u t h  d a t a  f o r  a t  l e a s t  one sunse t  o r  one 
s u n r i s e  d a t a  period.  I t  is a l s o  highly  d e s i r a b l e  t h a t  d a t a  
s e t s  be taken on t h r e e  consecutive o r b i t s  wi th  t h e  balloon- 
borne d e t e c t o r  observat ions  occurr ing dur ing t h e  f i r s t  o r  
second o r b i t .  
It is  highly  d e s i r a b l e  t h a t  s i x  s t i l l  photographs us ing t h e  
35-mm Nikon camera be taken,  a t  d i f f e r e n t  angles ,  of t h e  in- 
strument mounted i n  the  window t o  determine t h e  alignment of 
the  instrument wi th  respec t  t o  t h e  window sur f  ace.  
It i s  highly  d e s i r a b l e  t h a t  motion p i c t u r e s  of t h e  s e t t i n g  sun 
be made wi th in  two revolut ions  of a d a t a  c o l l e c t i o n  period.  
The remaining por t ion  of t h e  one magazine of a l l o c a t e d  f i l m  
w i l l  be used t o  photograph t h e  r i s i n g  sun. The DAC w i l l  be 
used a t  24 f p s  wi th  I R  f i lm,  f i l t e r  and 75-mm lens .  The 
photographs w i l l  be  made through t h e  CM r i g h t  hand s i d e  win- 
dow. The time of s t a r t i n g  and s topping the  DAC w i l l  be  vo ice  
recorded o r  logged. 
Data Requir_evr..~a 
1)  b '.zr*on Data: 
None 
2) Mission Data: 
a) Telemetry Data: 
Measurement listed under 3 a). 
PCM telemetry from the spacecraft to ground can be real 
time or recorded and dumped over the ground station. 




SAM-Light Intensitv (12 bits) 
RCS Solenoid Activate C3/13/+X 
RCS Solenoid Activate A4/14/+X 
RCS Solenoid Activate A3/23/-X 
RCS Solenoid Activate C4/24/-X 
RCS Solenoid Activate B3/25/+X 
RCS Solenoid Activate B4/26/+X 
RCS Solenoid Activatr B3/15/-X 
RCS Solenoid Activate D4/16/-X 
RCS Solenoid Activate E1/11/+Z 
RCS Solenoid Activate D2/22/+Z 
RCS Solenoid Activate D1/21/-Z 
RCS Solenoid Activate ~2/12/-Z 
RCS SL lenoid Activate Al/+Y 
RCS Solenoid Activate C2/+Y 
RCS Solenoid Activate C1/-Y 
RCS Solenoid Activate A2/-Y 
Telemetry Measurement Tape: 
One copy of tapes containing the raw telemetry measurement 
as in 3 a), recorded and correlated with GMT (within 5 . 5  
second with respect to the PCM time tag) during periods of 
experi~en~ operation. 
Onboard astronaut voice transcript or log containing the 
time of starting and stopping the DAC. 
Astronaut debriefing: 
One copy of astronaute' postmission scientific debriefing 
transcript. 
e )  T r d j e c t o r y  and S p e c i a l  Data: 
A computer-compatible t a p e  c o n t a i n i n g  CSM ephemeris  d a t a  
t o  a 3 sigma accuracy  of 3 km, RCS f i r i n g  h i s t o r y  2 minutes  
p r i o r  t o  and du r ing  t h e  d a t a  t a k e s ,  experiment  s enso r  
p o i n t i n g  t o  an accuracy  of 2.0 deg rees ,  C S i I  a t t i t u d e  t o  an 
accuracy of 1.0 d e g r e e  and t ime c o r r e l a t e d  t o  0.5 second. 
f )  Two c o p i e s  of t h e  f i l m  magazine of motion p i c t u r e s  of t h e  
s e t t i n g  and r i s i n g  sun.  
g) Two c o p i e s  of  s i x  frames of 35-mm photographs showing t h e  
experiment  hardware ~n t h e  mounted p o s i t i o n .  
h) Camera f i l t e r  used t o  photograph t h e  sun. 
i )  SAM in s t rumen t  and connec t ing  c a b l e s .  
Background and J u s t i f i c a t i o n  
STRATOSPHERIC AEROSOL 14EASUREMENT 
This experiment w i l l  demonstrate t h e  f e a s i b i l i t y  of remote sensing of 
ae roso l s  i n  the  s t r a t a s p h e - e  from a low o r b i t i n g  manned epacecraf t. 'ncrsas- 
ing concern over p o l l u t i o n  has  l e d  t o  i n v e s t i g a t i o n  i n t o  methods of remote 
sensing from e a r t h  o r b i t i n g  s a t e l l i t c o .  Implementation of the  SAM exper i -  
ment on ASTP w i l l  y i e l d  important  i n f ~ ~ - ~ z a t i o n  t h a t  can b e  u t i l i z e d  i n  des ign 
of remote sensing equipment f o r  use  i n  f ,  'ure s a t e l l i t e s .  A v a i l a b i l i t y  of 
a manned spacecra f t  enables  t h e  demonstrat ion cf t h e  ccncept wi th  l e s s  
expense than would be t h e  c a s e  i f  an unmanned s a t e l l i t e  were used, s i n c e  
expensive point ing and c o n t r o l  equipment is not  required f o r  t h e  experiment 
i t s e l f .  
U n t i l  r e c e n t  t imes,  l i t t l e  i n v e s t i g a t i o n  of t h e  s t r a t c s p h e r e  has  been 
conducted. The lower atmosphere, t h e  troposphere,  has been ex tens ive ly  
s tud .ed because of the  importance of weather p red ic t ion ,  and study of t h e  
h igher  ionosphere has been conducted because of i ts  importance t o  r a d i o  
propagation. The l a c k  of knowledge concerning t h e  e f f e c t s  of l a r g e  amounts 
of water vapor i n  the  s t r a t o s p h e r e  became apparcnt  dur inz  the  SST cor~tro-.  
versy  and r e s u l t e d  i n  an increased i n t e r e s t  i n  the  s u b j e c t .  Concentra t ioas  
of t r a c e  gaseous c o n s t i t u e n t s ,  volcanic  d u s t ,  ozone, and water vapor h.we 
been s tud ied ,  l a r g e l y  by means of high a l t i t u d e  bal loons .  However, the  
remote sensing technique is i n  an e a r l y  s t a g e  of development, and the  
information t o  be provided by t h i s  experiment w i l l  g r e a t l y  a i d  i n  r a p i d  
development i n  t h i s  iupor tan t  f i e l d ,  
The instrument package c o n s i s t s  of a y h o t m e t e r  and an e l e c t r o n i c s  
package t o  provide a s i g n a l  t o  t h e  CM telemetry system. The exprrlment 
technique involves  making a d i r e c t  measurement of s o l h r  i n t e n s i t y  i n  t h e  
s p e c t r a l  region around one micron. Ittmediately before  s a t e l l i t e  n i g k t ,  a s  
t h e  spacecra f t  nears  t h e  e a r t h ' s  shadow, t h e  l i n e  of s i g h t  t o  t h e  sun passes 
f i r s t  through t h e  upper l a y e r s  of t h e  s t r a t o s p h e r e  and then s t e a d i l y  down 
i n t o  t h e  lower l aye r  of t h e  troposphere. During t h e  approximately 2 minutes 
it  takes  the  instrument l ine-of-sight  t o  pass  through t h e  lowel 150 Km of 
t h e  atmosphere, the  s o l a r  i n t e n s i t y  w i l l  b e  recorded by t h e  photometer. 
The same s e t  of measurements can b,: made a t  s a t e l l i t e  dawn a s  t h e  s p a c e c r a f t  
emerges from t h e  e a r t h ' s  shadow. 
The t o t a l  e x t i n c t i o n  c o e f f i c i e n t  d i l l  be obtained from the  v a r i a t i o n  
of the  s o l a r  i n t e n s i t y  a s  a funct ion of t o t a l  a i r  mass d i s t r i b u t e d  along 
the  l i n e  of s i g h t .  A t  t h e  e f f e c t i v e  wavelength of the  photometer, t h e  
e x t i n c t i o n  w i l l  be p r i n c i p a l l y  produced by t h e  ae roso l s  i n  t h e  atmosphere, 
and thus the  measurement w i l l  enable the  determination of the  a e r o s o l  con- 
centra t ion.  
To v e r i f y  the  performance of t h e  SAM experiment, ground t r u t h  d a t a  w i l l  
t -  acquired by means of a n  o p t i c a l  ae roso l  counter of t h e  type used f o r  t h e  
Global Monitoring bal loon f l i g h t s  and a ground-based LIDAR system. The 
balloon-borne counter and t h e  LIDAR system w i l l  make measurements near  t h e  
loca t ion  where a SAM observat ion i s  made, and w i l l  provide da ta  on t h e  aero- 
s o l s  and t h e i r  s i z e s  a s  a funct ion of a l t i t u d e  up t o  30 Km. 
Previous Mission Experiments 
Experiment 
Number T i t l e  
-
Mission 
ATM TOP-7 Atmospheric Ex t inc t ion  Sky l a b  SL-2,SL-3 ,SL-4 
SO63 W Airglow Horizon Photography Sky l a b  SL-3 ,SL-4 
MULTIPURPOSE FURNACE 
Perform m a t e r i a l s  phase change 
experiments us ing a n  e l e c t r i c  furnace.  
Purpose 
The purpose is  t o  perform experiments on s o l i d i f i c a t i o n ,  c r y s t a l  growth, 
and o t h e r  procedures involving phase changes i n  va r ious  types  of ma te r i a l s .  
Seven experiments a r e  a ssoc ia ted  wi th  t h e  mult ipurpose furnace  with one 
f u n c t i o n a l  t e s t  ob j e c t i v e  assigned t o  each i n d i v i d u a l  experiment. 







FTO 7 )  
Determine i f  s u r f a c e  te.:sion induced convection caused by con- 
c e n t r a t i o n  d i f f e r e n c e s  occurs.  Surface  t ens ion  induced convec- 
t i o n  was observed i n  o i l  f i l m s  on Apollo 14 and 17 due t o  
thermal g r a d i e n t s  i n  the  l i q u i d s .  (MA-041, Surface Tension 
Induced Convection) 
I n v e s t i g a t e  t h e  e f f e c t s  of zero  g r a v i t y  on the  degree of 
immisc ib i l i ty  ~f monotectic Pb-Zn a l l o y  and t h e  homogeneity 
of mixing during s o l i d i f i c a t i o n  of s y n t e c t i c  A1-Sb compounds. 
(MA-044, Monotectic and S y n t e c t i c  Al loys)  
Obtain a n  unambiguous q u a n t i t a t i v e  a n a l y s i s  of t h e  microscopic 
segregat ion and growth behavior of germanium i n  space. (MA-060, 
I n t e r f a c e  Marking i n  C r y s t a l s )  
Determine t h e  e f f e c t  of convection on t h e  s o l i d i f i c a t i o n  pro- 
cesses  of undercooling and d i r e c t i o n a l  s o l i d i f i c a t i o n ,  and i ts  
r e l a t i o n  t o  mic ros t ruc tu re  and magnetic p roper t i e s .  (MA-070, 
Zero-G Processing of Magnets) 
Determine t h e  e f f e c t s  of zero g r a v i t y  on the  morphology, d e f e c t  
s t r u c t u r e ,  e l e c t r o n i c  p r o p e r t i e s ,  and s t a b i l i t y  of s i n g l e  
c r y s t a l s  grown from the  vapor s t a t e .  (MA-085, C r y s t a l  Growth 
From the  Vapor Phase) 
Determine t h e  s o l i d i f i c a t i o n  behavior of a n  a l k a l i  h a l i d e  
e u t e c t i c  composition under zero g r a v i t y  condi t ions .  (MA-131, 
NaC1-LiF Eu tec t i c )  
Determine the  e f f e c t s  of zero g r a v i t y  on t h e  meta l lu rg ic  pro- 
cesses  and the  p roper t i e s  of a composite, of powder, and of 
s i n g l e  c r y s t a l s  of compounds wi th  markedly d i f f e r e n t  s p e c i f i c  
weights. (MA-150, USSR Mult ip le  Mater ia l  Melting) 
Test Condit ions 
FTO 1) Spacecraf t  v i b r a t i o n  and a c c e l e r a t i o n  should be  kept t o  a 
thru  minimum during the  experiments. Spacecraft  maneuvers w i l l  be 
FTO 7) l imi ted  t o  minimum impulse sing1 e j e t  c o n t r o l  during soak, 
con t ro l l ed  cooldown, and the  f i r s t  por t ion  of t h e  pass ive  
cooldown, 
The sample c a r t r i d g e s  w i l l  be stowed i n  t h e  CM such t h a t  t h e  
long i tud ina l  axes a r e  p a r a l l e l  with t h e  CSM X-axis. 
FTO 1) The hea t  soak period w i l l  be stopped manually a t  1.5 + TBD 
hours a f t e r  i n i t i a l l y  s t a r t i n g  t h e  experiment. Helium injec-  
t i o n  w i l l  be s t a r t e d  manually a s  soon a s  t h e  h e a t  soak period 
is stopped. 
YTO 7 )  The experiment w i l l  be i n i t i a t e d  during one of t h e  j o i n t  USA- 
USSR a c t i v i t y  per iods .  The c a r t r i d g e s  w i l l  be launchea i n  
Soyuz and re turned i n  the  CSM. 
Test  Requirements 
FTO 1)  Three sample c a r t r i d g e s  f o r  each experiment w i l l  be heated t o  
th ru  prescr ibed temperatures,  h e a t  soaked, cooled down, and i n j e c t e d  
FTO 7) with helium a s  def ined i n  Table jX3J. 
FTO 3) During t h e  cool  dowr, period,  i n t e r f a c e  demarcation w i l l  be 
accomplished by P e l t i e r  heat ing associated with  t h e  transmission 
of cur ren t  pu l ses  (15 amps, 30 mill isecond durat ion)  a t  i n t e r v a l s  
of f i v e  seconds ac ross  t h e  crys ta l -mel t  i n t e r f a c e .  
Data Requirements 
1) Premission Data: 
a )  Telemetry Measurements: 
Measurements l i s t e d  i n  3 a)  
b) Ca l ib ra t ion  and Checkout Data: 
TBD 
- 
2) Mission Data: 
Measurements l i s t e d  i n  3 a )  whenever ATS-6 and/or STDN coverage 
i s  a v a i l a b l e  without recording and dumping from the  DRR. 
3) Postmission Evaluation Data: 
a )  Telemetry Measurements: 
Measurement 
Number Descr ip t ion 
CC 0206 V*** DC Voltage Main Bus A 10 
DF 9603 T Temp No. 2 DM Cabin Inner  Wall 10 
DL 9601 T* Multipurpose Furnace, Hot 1 10 
DL 9602 T** Multipurpose Furnace, Cold 1 LO 
DL 9687 T* Multipurpose Furnace, Hot 2 10 
DL 9688 T** Multipurpose Furnace, Cold 2 10 
*Either one af these  two measurements is required.  
**Either one of these  two measurements is required.  
***CC 0206 V is  required only f o r  t h e  period of heat-up of 
each c a r t r i d g e  t o  the  prescr ibed temperature. 
Telemetry Measurement Tapes: 
One copy of tapes  conta ining raw telemetry measurements a s  
l i s t e d  i n  3 a ) ,  recorded and c o r r e l a t e d  wi th  GMT (wi thin  
5 . 5  second with r e s p e c t  t o  the  PCM time tag)  dur ing per iods  
of experiment opera t ion.  
Onboard Astronaut Voice Transc r ip t  
Astronaut Debriefing 
One copy of a s t r o n a u t s '  postmission s c i e n t i f i c  d e b r i e f i n g  
t r a n s c r i p t .  
Tra jectory  : 
Ncne 
A l l  sample c a r t r i d g e s  f o r  each of t h e  seven experiments. 
Acceleration:  
Requirements f o r  low l e v e l  a c c e l e r a t i o n  d a t a  a r e  E. 
MULTIPURPOSE FURNACE 
- 
Background and J u s t i f i c a t i o n  
General 
The MA-010 Multipurpose Furnace Experiment u t i l i z e s  a f m n a c e  system 
comprised of t h r e e  ~ n i t s :  t h e  multipurpose furnace,  t h e  c o n t r o l  package, 
and a rap id  cooldown system. The 5-xnnce provides +h*.o.~? experiment chambers 
which have a h o t  zone, thermal grad!ent s e c t i o n  and a h e a t  e x t r a c t i o n  sec- 
t ion .  The c o n t r o l  package regu la tes  t h e  temperature of t h e  h o t  zone, per- 
m i t s  s e l e c t i o n  of t h e  amount of soak t i m e  deqired,  cools  t h e  furnace a t  a 
predetermined r a t e ,  and shu t s  down t h e  system. The rapid  cooldown system 
s u p p l i e s  gaseous helium t o  reduce t h e  t i m e  r equ l red  t o  coo l  t h e  c a r t r i d g e s  
t o  a temperature such t h a t  they can be s a f e l y  touched. 
Resul ts  of t h e  var ious  multipurpose e l e c t r i c  furnace experiments a s  
conducted during Skylab SL-3 and SL-4 a r e  z. 
MA-041 Surface Tension Induced Convection 
One of t h e  most important e f f e c t s  of t h e  zero g r a v i t y  environment on 
metal  forming processes i s  t h e  absence of g rav i ty  induced convection cur- 
* 
r e n t s  i n  t h e  molten s t a t e .  However, given t h e  absence of g rav i ty  induced 
convection cur ren t s ,  t h e  p o s s i b i l i t y  of convection e f f e c t s  caused by sur- 
f a c e  tension may become an important f a c t o r .  Stch sur face  tension induced 
convection e f f e c t s  due t o  thermal g rad ien t s  were observed i n  o i l  f i lms  on 
Apollo 14 and 17. Surface tension g r a d i e n t s  can be caused by thermal or  
concentra t ion d i f fe rences .  This  o b j e c t i v e  w i l l  eva lua te  su r f  ace t ens ion  
e f f e c t s  due t o  concentra t ion g rad ien t s  i n  order  t o  determine whether spec- 
i a l  precaut ions  need t o  be taken t o  avoid these  corlvective e f f e c t s  i n  space 
processes t h a t  depend on t h e  suppress ion of convection cur ren t s .  The ex- 
periment w i l l  c o n s i s t  of melt ing t h r e e  samples of b i -metal l ic  m a t e r i a l  Sam- 
p les  (Pb/Pb with 0.05 atomic percent  Au! i n  wet t ing ( i ron)  and non-wetting 
(graphi te)  capsules i n  the  multipurpose furnace,  al lowing them t o  i n t e r -  
d i f f u s e ,  and then s o l i d i f y .  Af te r  r e t u r n  t o  e a r t h ,  t h e  capsules  w i l l  be 
sect ioned,  and the  d i s t r i b u t i o n  of gold w i l l  be  analyzed by neutron act iva-  
t i o n  t o  determine t h e  e f f e c t i v e  l i q u i d  d i f f u s i o n  c o e f f i c i e n t ,  and then de- 
t e c t  t h e  presence o r  absence of convective e f f e c t s  cause by s u r f a c e  tension.  
MA-044 Monotectic and S y n t e c t i c  Alloys 
Aluminum antimony compounds (Al-Sb) have promise as a high e f f i c i e n c y  
s o l a r  c e l l  m a t e r i a l ,  but  technological  d i f f i c u l t i e s  a s s o c i a t e d  t . i t h  compound 
formation and s i n g l e  c r y s t a l  growth have hampered development e f f o r t s .  One 
of the  underlying causes of t h e s e  d i f f i c u l t i e s  may be  t h e  l a r g e  d i f f e r e n c e  
i n  s p e c i f i c  g r a v i t i e s  of the  two elements. The absence of g r a v i t y  should 
have pronounced e f f e c t s  on t h e  s o l i d i f i c a t i o n  of t h i s  and o t h e r  b inary  
a l l o y  s y s t e m  having widely d i f f e r e n t  s p e c i f i c  g r a v i t i e s .  Understanding 
of phase s e p a r a t i o n  due t o  t h e  d i f f e r e n c e  i n  s p e c i f i c  g r a v i t i e s  may l ead  t o  
new phys ica l  p r i n c i p l e s  and new mate r i a l s .  I n  t h i s  experiment, two samples 
of A1-Sb w i l l  be prepared and vacuum encapculated i n  quar tz .  Af ter  mel t ing 
i n  the  mult ipurpose furnace  and s o l i d i f y i n g ,  the  samples w i l l  be r e tu rned  
t o  e a r t h  and analyzed t o  determine phys ica l  and e l e c t r i c a l  p r o p e r t i e s .  
Similar  eva lua t ion  techniques w i l l  be  app l i ed  t o  c o n t r o l  samples processed 
on e a r t h ,  and t h e  r e s u l t s  compared. A s  a  companion experiment, a sample 
of Lead-Zinc (Pb-Zn) a l l o y  w i l l  a l s o  be t e s t e d  i n  space and compared t o  
ground processed samples t o  determine t h e  e f f e c t s  of zero g rav i ty  on t h e  
degree of immisc ib i l i ty  of t h i s  monotectic system. 
These experiments a r e  designed t o  y i e l d  information u s e f u l  f o r  planning 
f u t u r e  m a t e r i a l  i n v e s t i g a t i o n  and m e t a l l u r g i c a l  manufacturing i n  space. 
The development of a fundamental understanding of t h e  e f f e c t s  descr ibed w i l l  
make important c o n t r i b u t i o n s  t o  m a t e r i a l  sc ience .  
MA-060 I n t e r f a c e  Marking i n  C r y s t a l s  
It is  w e l l  known t h a t  d e f e c t s  l i m i t i n g  chemical and c r y s t a l l i n e  
p e r f e c t i o n  a r e  one of t h e  major causes t h a t  make e l e c t r o n i c  devices  
( espec ia l ly  semi-conductor devices)  perform below t h e i r  t h e o r e t i c a l  
l e v e l s .  Gravity induced thermo-hydrodynamic p e r t u r b a t i o n s  i n  t h e  melt  have 
been i d e n t i f i e d  a s  t h e  primary cause f o r  t h e s e  de fec t s .  Thus semiconductor 
c r y s t a l  growth is  one of t h e  most promising p r o j e c t s  f o r  commercial space 
exp lo i t a t ion .  A new process ,  growth i n t e r f a c e  demarcation, used wi th  
d i f f e r e n t i a l  e t ch ing  and spreading r e s i s t a n c e  measurements make q u a n t i t a t i v e  
s t u d i e s  on t h e  d e t a i l e d  growth and segrega t ion  behavior of e l e c t r o n i c  
m a t e r i a l s  poss ible .  I n  t h i s  experiment, s i n g l e  c r y s t a l s  of germanium (Ga 
dcped) w i l l  be  subjected t o  p a r t i a l  mel t ing and regrowth i n  the  mult ipurpose - .  
(, furnace.  Throughout t h e  growth process,  " i n t e r f a c e  demarcation" w i l l  be 
achieved by P e l t i e r  hea t ing  assoc ia ted  with t h e  t ransmiss ion of e l e c t r i c  
cur ren t  pulses  ac ross  t h e  crys ta l -mel t  i n t e r f a c e .  I n t e r f a c e  demarcation 
w i l l  be revealed by d i f f e r e n t i a l  etching.  Absolute time re fe rence  can be 
obtained from t h e  demarcation l i n e s ,  and growth i n t e r f a c e  morphology and 
growth changes w i l l  b e  obtained from t h e  shape of t h e  demarcation l i n e .  
These d a t a  w i l l  b e  combined wi th  spreading r e s i s t a n c e  measurements i n  t h e  
a n a l y s i s  process. From these  measurelnents, t h e  dopant ( c a r r i e r )  concentra- 
t i o n s  corresponding t o  t h e  microscopic growth r a t e s  a t  a l l  p o i n t s  i n  t h e  
c r y s t a l  can be  determined, leading t o  t h e  i d e n t i f i c a t i o n  of growth r a t e  
and boundary l ayer  e f f e c t s  on segregat ion,  t h e  thermo-hydrodynamic behavior 
of t h e  melt ,  the  th ickness  of t h e  d i f f u s i o n  boundary l a y e r  a t  t h e  growth 
i n t e r f a c e ,  and t h e  d i f f u s i o n  c o e f f i c i e n t  of the  dopant element i n  t h e  mel t .  
Addi t ional  tests should d i s c l o s e  t h e  degree of s t r u c t u r a l  pe r fec t ion ,  
poss ib le  l a t t i c e  s t r a i n ,  mic roprec ip i t a tes ,  and o ther  c r y s t a l  de fec t s .  
F i n a l l y ,  an exhaustive s tudy of t h e  e f f e c t s  of zero g rav i ty  condi t ions  
during growth on the  e l e c t r o n i c  p r o p e r t i e s  of t h e  m a t e r i a l  w i l l  be made, 
i including t h e  determination of c a r r i e r  concentra t ions ,  c a r r i e r  m o b i l i t i e s ,  
minority c a r r i e r  l i f e t i m e s  and recombination v e l o c i t i e s .  
MA-070 Zero-G Processing of Magnets 
Due t o  recen t  improvements i n  the3.r p roper t i e s ,  high coercive  s t r e n g t h  
permanent magnets a r e  being inves t iga ted  f o r  advanced technology applica- 
t i o n s  such a s  l e v i t a t o r s  f o r  h igh speed ground t r a n s p o r t a t i o n  systems, 
magnetic bear ings  f o r  f lywheels used i n  energy s to rage ,  gyros i n  deep space 
probes, and microwave power tubes  f o r  t h e  S a t e l l i t e  Solar  Power S ta t ion .  
A t  present ,  t h e  major l i m i t a t i o n  t o  t h e  use of high c , . . r c i v e  s t r e n g t h  c o b a l t /  
r a r e  e a r t h  permanent magnets is  t h e  method of f a b r i c a t i o n ,  i.e.,  s i n t e r i n g  
of powders. This is a process involving a l a r g e  number of ind iv idua l  s t e p s  
and t h e  incomplete d e n s i f i c a t i o n  l eads  t o  degradation of t h e  p r o p e r t i e s  by 
oxidat ion.  The processing of these  magnetic m a t e r i ~ l s  i n  t h e  low-gravity 
environment should, i n  one operat ion,  e l imina te  t h e  p o s s i b i l i t y  of ox ida t ion  
and inc rease  t h e  dens i ty  and magnetic p r o p e r t i e s  of t h e  product. 
Almost p e r f e c t  magnetic c r y s t a l s  w i l l  be grown. An immiscible mixture 
of a magnetic phase i n  a non-magnetic matr ix  w i l l  be s o l i d i f i e d  without t h e  
i 
a e 
separa t ion  due t o  dens i ty  d i f f e r e n c e s  o r  the  s t i r r i n g  caused by convection 
* f 
t h a t  a r e  c h a r a c t e r i s t i c  of earth-based processing.  A highly  a l igned magnetic 
phase should r e s u l t  from the  low-gravity environment. 
Three separa te  p a r t s  of t h i s  experiment w i l l  be performed i n  each 
c a r t r i d g e  of t h e  multipurpose furnace.  I n  t h e  hot ,  constant  temperature 
zone, t h e  immiscible system Mn-rich MnBi w i l l  be  s o l i d i f i e d .  Using t h e  
temperature g rad ien t  zone of t h e  furnace,  t h e  c o b a l t l r a r e  e a r t h  a l l o y  
(CoCuF :5Ce w i l l  be d i r e c t i o n a l l y  s o l i d i f i e d  t o  produce an  almost p e r f e c t  
magnetic c r y s t a l .  F ina l ly ,  i n  t h e  low temperature g rad ien t  zone, a Bi-rich 
MnBi e u t e c t i c  w i l l  be processed by d i r e c t i o n a l  s o l i d i f i c a t i o n .  
MA-085 Crys ta l  Growth From the  Vapor Phase 
It has been shown t h a t  s i n g l e  c r y s t a l  growth by chemical vapor t rans-  
p o r t  i n  a temperature g rad ien t  i s  macroscopically and microscopically affec-  
ted by g rav i ty  induced convection c u i r e n t s .  I n  add i t ion ,  changes i n  s u r f a c e  
morphology and defec t  s t r u c t u r e  have a l s o  been observed i n  ground-based 
experiments . I 
I n  s o l i d  s o l u t i o n s  of GeSe and GeTe, t h e r e  e x i s t s  a one-phase region 
of hexagonal c r y s t a l  s t r u c t u r e ,  t h a t  is s t r u c t u r a l l y  d i f f e r e n t  from e i t h e r  
component; GeSe is orthorhombic and GeTe is  rhombohedral. Alloy composi- 
t i o n s  of t h i s  hexagonal one-phase region can be  t ranspor ted wi th  iod ine  t o  
form s i n g l e  c r y s t a l  p l a t e l e t s  of hexagonal s t r u c t u r e .  However, inhomogenei- 
ties i n  terms of chemical composition and c r y s t a l  pe r fec t ion  have been ob- 
served,  and i t  is considered l i k e l y  t h a t  these  inhomogeneities a r e  caused 
by g r a v i t y  induced convection cur ren t s .  Since these GeSe-GeTe a l l o y s  seem 
an i d e a l  system t o  study t h e  e f f e c t s  of convection c u r r e n t ,  t h i s  experiment 
- r i l l  i n v e s t i g a t e  t h i s  a l l o y  system under zero-gravity condi t ions .  Another i 
area  of i n v e s t i g a t i o n  t h a t  w i l l  be addressed is  t h e  quest ion of whether and 
t o  what ex ten t  su r face  d e f e c t s  on grown and p r e t r e a t e d  c r y s t a l s  propagate t 
during subsequent growth by vapor deposi t ion.  Inves t iga t ions  of t h i s  1 i 
1 
phenomena under zero-gravity condi t ions  w i l l  determine t h e  p o s s i b l e  ex i s tence  
of g rav i ty  independent f l u c t u a t i o n s  i n  t h e  gas phase i n  t h e  v i c i n i t y  of t h e  
c r y s t a l  su r face .  Such f l u c t u a t i o n s  could be  caused by l o c a l i z e d  thermal 
f l u c t u a t i o n s  due t o  t h e  chemical r eac t ion ,  and could be t h e  reason f o r  t h e  
. ex i s tence  of a  lower l i m i t  f o r  t h e  dens i ty  of c r y s t a l  d e f e c t s  under p r a c t i -  
c a l  growing condit ions.  
Recent s t u d i e s  involving t h e  t r anspor t  of GeSe wi th  iod ine  have shown 
t h a t  the  presence of an i n e r t  gas ,  argon, caused a  s i g n i f i c a n t  change i n  
t h e  morphology of t h e  grown c r y s t a l s .  Without the  argon, the  GeSe t rans-  
p o r t  y ie lded l i n e a r  d e n d r i t i c  type c r y s t a l s ;  t h e  a d d i t i o n  of argon a t  one 
atmosphere yie lded th inner  c r y s t a l s  bent  t o  e l i p t i c a l  o r  c i r c u l a r  shape, 
giving r i s e  t o  the  supposi t ion t h a t  loca l i zed  convection "whirl  pools" 
were caused by l o c a l  convection c u r r e n t s  due t o  the  argon. Another 
supposi t ion is  t h a t  t h e  argon a c t s  a s  a modifier  o r  ampl i f i e r  of t h e  
chemical r eac t ion ,  and t h a t  the  e f f e c t s  were caused by thermochemical means. 
The experiment hopes t o  r e v e a l  t h e  a c t u a l  s i g n i f i c a n c e  of thermochemically 
dr iven convection c u r r e n t s  a s  compared t o  g r a v i t y  caused convection. 
The experiments a r e  of technological  importance f o r  f a b r i c a t i o n  and 
processing of s i n g l e  c r y s t a l s  f o r  s o l i d  s t a t e  app l ica t ions .  
MA-131 NaC1-LiF E u t e c t i c  
When an e u t e c t i c  l i q u i d  of NaCl and LiF s o l i d i f i e s ,  f i b e r s  of LiF form 
i n  a matr ix  of NaC1. This m a t e r i a l  is of i n t e r e s t  f o r  o p t i c s  because of 
the  a b i l i t y  of the  f i b e r s  t o  t r ans r l i t  l i g h t  and information from one end 
of t h e  f i b e r  t o  t h e  o ther ,  a s  though i n  an o p t i c a l  waveguide, I n  p a r t i c u l a r ,  
t h i s  e u t e c t i c  was found t o  be a  f a r - f i e l d  i n f r a r e d  t ransmi t t ing  medium f o r  
wavelengths longer than t h e  i n t e r - f i b e r  d is tance.  However, d e f e c t s  i n  these  
mate r ia l s  grown an  e a r t h  cause these  s o l i d - s t a t e  devices  t o  b e  i n e f f i c i e n t .  
These d e f e c t s  a r e  banded s t r u c t u r e ,  d i scon t inu i ty  of t h e  f i b e r s ,  and f a u l t s  
due, i n  p a r t ,  t o  the  presence of v i b r a t i o n ,  and t o  convection cur ren t s  i n  
t h e  melt during s o l i d i f i c a t i o n .  When t h i s  s o l i d i f i c a t i o n  process  is per- 
formed i n  a  space environment, where t h e r e  a r e  no g rav i ty  induced ccrnvec- 
t i o n  c u r r e n t s ,  and where v i b r a t i o n  can be kept t o  a minimum, i t  is  hoped 
t h a t  continuous f i b e r l i k e  e u t e c t i c  microst ructures  can be produced. Elec- 
t r i c a l ,  thermomagnetic, o p t i c a l ,  and superconducting c h a r a c t e r i s t i c s  of 
t h i s  m a t e r i a l  a r e  expected t o  make poss ib le  e x c i t i n g  device  a p p l i c a t i o n s  i n  
t h e  e l e c t r o n i c  and o p t i c a l  f i e l d s .  
MA-150 USSR Mult ip le  Mater ia l  Melting 
Convective s t i r r i n g  during s o l i d i f i c a t i o n  and segregat ion i n  t h e  melt 
due t o  g rav i ty  c o n t r i b u t e  t o  inhomogeneities, voids  and s t r u c t u r a l  imper- 
f e c t i o n s  i n  mate r ia l s  when processed on ea r th .  I n  zero g r a v i t y  these  phenomena 
w i l l  be absent and i n v e s t i g a t i o n s  w i l l  show t h e  degree of m a t e r i a l  improve- 
ment t h a t  can be a t t a i n e d .  This experiment w i l l  process t h r e e  d i f f e r e n t  
m a t e r i a l  systems i n  each ca r t r idge .  I n  the  hot  isothermal region a sample 
of aluminum with tungsten spheres  w i l l  be melted and r e s o l i d i f i e d .  A 
germaniunr rod wi th  0.5% s i l i c o n  w i l l  be p a r t i a l l y  melted and r e s o l i d i f i e d  
i n  the  g rad ien t  region.  An a d d i t i o n a l  i sothermal  region w i l l  be c rea ted  i n  
t h e  g rad ien t  zone t o  process an ampoule of powdered aluminum. The under- 
standing of the  e f f e c t s  of g r a v i t y  and convection i n  t h e  s o l i d i f i c a t i o n  of 
mate r ia l s  can be  appl ied t o  improving the  m a t e r i a l s  processing techniques 
on e a r t h  and most importantly could lead t o  nanufactur ing super io r  mate r ia l s  
i n  space f o r  use on e a r t h .  



















Vapor Growth of I V - V I  Compounds 
Immiscible Alloy Compositions 
Radioactive Tracer Diffus ion 
Microsegregation i n  Germanium 
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6.2.1 Heat Flow and Convection 
N/A Heat Flow and Convection 
N/A Composite Casting 
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I n v e s t i g a t e  new methods and procedures 
f o r  e lec t rophores i s .  
Purpose 
The purpose is  t o  t e s t  new techniques f o r  performing e l e c t r c p h o r e t i c  
separat ions  i n  space f l i g h t .  S p e c i f i c a l l y ,  t h e  problems t o  be i n v e s t i -  
gated a re :  t o  t e s t  sample i n s e r t i o n  techniques,  t o  v e r i f y  t h a t  e l e ~ . t r o -  
osmosis can be eliminated i n  a s t a t i c  f l u i d  e lec t rophores i s  device,  t o  
evaluate  t h e  performance of two methods of e lec t rophores i s ,  and t o  v e r i f y  
t h a t  t h e  v i a b i l i t y  of b i o l o g i c a l  samples prepared f o r  e l e c t r o p h o r e s i s  can 
be maintained during a space mission. 
The func t iona l  t e s t  ob jec t ives  a r e :  
FTO 1) Test  t h e  performance of s t a t i c  f r e e  f l u i d  zonal c e l l  e l ec t ro -  
phores is  using f ixed  red  blood c e l l s  and l i v e  b i o l o g i c a l  
samples. 
FTO 2) Test  the  performance of t h e  isotachophores is  process using 
f i x e d  red  blood c e l l s .  




FTO 1 )  
FTO 2) 
The performance of zonal c e l l  e l ec t rophores i s  w i l l  be t e s t e d  
using t h e  following s i x  s m p l e s :  
Two samples of f ixed  red  blood c e l l s  
0 Two samples of l i v e  lymphocytes 
Two samples of l i v e  kidney c e l l s  
The performance of t h e  isotachophores is  process w i l l  be t e s t e d  
using two samples of f ixed  red  blood c e l l s .  (Note: These 
a r e  not  t h e  same two samples of f ixed  red blood c e l l s  a s  used 
f o r  FTO 1 ) .  
Each of t h e  s i x  samples f o r  FTO 1 w i l l  be precooled with t h e  
sample s l i d e  i n s t a l l e d  i n  i t s  column. Precooling of each 
sample w i l l  be accomplished f o r  t e n  minutes i n  t h e  e l e c t r o -  
phores is  u n i t  p r i o r  t o  i n i t i a t i n g  t h e  e lec t rophores i s  process.  
The two samples f o r  FTO 2 w i l l  not  be precooled. 
Spacecraft  v i b r a t i o n s  and a c c e l e r a t i o n s  w i l l  be he ld  t o  a mini- 
mum during t h e  e i g h t  t e s t s ,  t o  include t h e  per iod f o r  re f reez ing  
(but no t  t o  include t h e  precooling period).  Single-jot  RCS 
minimum impulse a t t i t u d e  c o n t r o l  is permiss ible ,  i f  required.  
A HEDC w i l l  be  mounted on the  b racke t  provided with the  
experiment a t  a d i s t a n c e  of approximately 12 inches.  A 
pre-focused 80-mm l e n s  with e-cender,  b lack and whi te  type  
3401 f i l m  and an in tervalometer  w i l l  be used. 
Test  Requirements 
FTO 1)  The i n i t i a l  sample t o  be t e s t e d  w i l l  be one of t h e  two 
FTO 2) samples of f ixed  red blood c e l l s  f o r  use i n  t h e  zonal  
c e l l  e l ec t rophores i s  process ( i . e . ,  f o r  FTO 1) .  A crew- 
man w i l l  monitor t h i s  i n i t i a l  t e s t  t o  e s t a b l i s h  t h e  dura t ion  of 
each of the  remaining seven samples (45 t o  75 minutes) ,  Crew 
comments w i l l  be t ransmit ted  t o  MCC-H i n  a s  near r e a l  time a s  
f e a s i b l e  f o r  t h i s  i n i t i a l  t e s t  regarding t h e  p o s i t i o n  of t h e  
sample boundary w'.thi? t h e  co!.unn a t  the  end of 60 minutes. 
The minimum requirement i s  t o  t e s t  one of each of the  four  
kinds of samples, It i s  highly  d e s i r a b l e  t h a t  t h e  remaining 
four  samples a l s o  b e  t e s t e d  i n  t h e  following descending order  
of p r i o r i t y .  
P r i o r i t y  
- 
Sample 
1 One sample of f i x e d  red  blood c e l l s  f o r  FTO 1 
2 One sample of l i v e  lymphocytes f o r  FTO 1 
3 One sample of l i v e  kidney c e l l s  f o r  FTO 1 
4 One sample of f i x e d  red blood c e l l s  f o r  FTO 2 
Photographs w i l l  be made a t  180-second i n t e r v a l s  dur ing t h e  
t e s t  period f o r  each of t h e  four  samples of f i n d  red blood 
c e l l s .  Photographs w i l l  not  be  taken dur ing t h e  t e s t  per iods  
f o r  t h e  two samples of l i v e  lymphocytes o r  f o r  the  two samples 
of l i v e  kidney c e l l s ,  
Tne s i x  samples f o r  FTO 1 w i l l  b e  r e f rozen  during a 30-minute 
and w i l l  be  re turned t o  e a r t h .  The two samples of 
f i x e d  red  blood c e l l s  f o r  FTO 2 w i l l  not  be  re f rozen  and w i l l  
no t  be re turned t o  ea r th .  
During t h e  30-minute pe r iods  f o r  r e f reez ing ,  phatographs w i l l  
be made a t  180-second i n t e r v a l s  f o r  each of the  94% samples t o  
b e  re turned t o  ea r th .  
Data Requirements 
1 )  Yremiesion Data: 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
a )  Telemetry Meaeurements : 
Measurement 
Number Descr ip t ion 
CC 0200 V AC Voltage Main Bus 1 Phase A lo* 
CC 0203 V AC Voltage Main Bus 2 Phase A lo* 
Also a v a i l a b l e  a t  1 S/S on LBR. E i the r  HBR o r  LBR d a t a  a r e  
acceptable .  
b) Telemetry Measurement Tapes: 
One copy of t a p e  conta ining te lemetry  d a t a  a s  l i s t e d  i n  
3 a ) ,  recorded and c o r r e l a t e d  wi th  GMT (wi th in  s.5 second 
with r e s p e c t  t o  t h e  PCM t i n e  tag)  dur ing t h e  t e s t  per iod 
f o r  each sample. 
c)  Onboard Astronaut Voice Transcr ip t :  
One copy of t h e  vo ice  t r a n s c r i p t  inc lud ing ,  as a minimum, 
comments r e l a t e d  t o  t h e  i n i t i a l  sample t e s t .  
d)  Astronaut Debriefing : 
One copy of a s t r o n a u t s '  postmission s c i e n t i f i c  debr ie f ing .  
e )  Tra jectory:  
None 
f )  TBD copies  of up t o  160 photographs of t h e  va r ious  samples 
-
a s  recorded i n  one magazine of 70 mm f i lm.  
g) S ix  f rozen  experiment samples. 
ELECTROPHORFq I S  TECHNOLOGY 
Rackground and J u s t i f i c a t i o n  
E le= t rophores i s ,  i .e . ,  t h e  separa t ion  of b i o l o g i c a l  m a t e r i a l s  such a s  
c e l l s  by means of a n  e l e c t r i c  f i e l d ,  i s  a n  important t o o l  i n  b i o l o g i c a l  
and medical research.  Most of the  development in t h e  f i e l d  has  been i n  
a n  a r e a  described a s  zone electrophoresis i n  stabilized medic. This 
technique s e r a r a t e s  a s i n g l e  garrow zone (3f s a q l e  mixture i n  a n  e l s c t x o l y t e  
medium i n t o  many zones conta ining a s i n g l e  comyonent of the  mixture ana 
e l e c t r o l y t e  betwcen them, Since t h e  d e n s l t i e b  of t h e  separa ted  zones 
genera l ly  d i f f e r  from t h a t  o ?  the  in tervening medium, such sysLems a r e  
g r a v i t a t i o n a l l y  uns tab le  and s t a b i l i z a t i o n  is  requirsd .  
Elect rophores is  was o ~ i g i n a l l y  c a r r i e d  out  i n  l i q u i d  mcdia, o r  f r e e  
s o l u t i o n s ,  b u t  i t  was soon r e a l i z e d  t h a t  problems a r i s e  due t o  d is turbances  
i n  the  bulk of t h e  f l u i d .  Two major causes of t h e s e  d i s tu rbances  during 
1 4 processing a r e  t h e  d e n s i t y  of the  p a r t i c l e s  v t  s o l u t e  being separa ied  
and the  thermal convection generated by t h e  Jou le  hea t ing  of t h e  column 
during e lec t rophores i s .  Although a v a r i e t y  of technique have evolveJ 
t o  overcame these  problems on e a r t h ,  none have been compLetely s u c c e s s f u l  
and the  e l imina t ion  of gravity-induced sedimentation and thermal convection 
can be accomplished b e s t  i n  space. The ASTP miss ion provides an  oppor tuni ty  
t o  t e s t  techniques i n  a low g r a v i t y  f i e l d  with a p o t e n t i a l  improvement i n  
t h e  degree of separa t ion .  
The use  of g r a v i t y  s t a b i l i z a t i o n  methods should ,  of course ,  be  unnec- 
e s sa ry  i n  space f l i g h t .  Accordingly, e l e c t r o p h o r e s i s  experiments were con- 
ducted on Apollo 14 and Apollo 16. Though l imi ted  success  was a c h i e v ~ d  
i n  these  experiments, severa l  p r o b l e m  became ayparen. .  Electro-osmotic 
streaming u ~ s  r problem and h s c t e r i a l  growth des t royed the  b i o l o g i c a l  
samples on Apollo 14. A need was ind ica ted  f o r  f u r t h e r  experimentation 
involving methods of reducing electro-osmosis,  providing a ' e t t e r  means of 
sample i n s e r t i o n ,  and providing means of s t o r i n g  v i a b l e  b i o l o g i c a l  speci -  
mens i n  space f l i g h t .  
During t h ?  Skylab SL-4 mission,  one whole blood sample *as success-  
f u l l y  processed using the  i sotachophores is  process. An a t tempt  t o  p roce rs  
p r o t e i n  samples dur ing SL-4 was unsuccessful ,  poss ibly  due t o  a leakage 
of the  sample from i ts  conta iner .  
Experiment MA-011 w i l l  be a f u r t h e r  development of technology begun 
i n  the  Apollo 14 and 16 missions and continued durfn, Skylab SL-4. The 
use of pre-frozen samples i n  Experiment MA-011 w i l l  avoid f l o c c u l a t i o n  and 
sedimentation of the  sample, and w i l l  p reserve  v i a b i l i t y  of t h e  b i o l o g i c a l  
samples. Electro-osmotic a c t i o n  w i l l  be reduced by use of chemical c m -  
pounds designed t o  n e u t r a l i z e  the  charge on t h e  wa l l s  of the  e l e c t r o p h o r e s i s  
columns. 
Two e lec t rophores i s  processes w i l l  be evaluated by Experiment MA-011: 
s t a t i c  f r e e  f l u i d  zonal c e l l  e l ec t rophores i s  and isotachophores is ,  which 
is a process charac te r i zed  by self-sharpening boundaries. The experimental  
techniques f o r  both methods a r e  t h e  same. A t  t he  conclusion of t h e  exper i -  
ment, the  s i x  columns of f r e e  f l u i d  zonal  c e l l s  and buf fe r  s o l u t i o n  w i l l  
be ref rozen and re turned t o  t h e  cryogenic f r e e z e r  f o r  r e t u r n  t o  e a r t h .  
Previous Mission Demonstrations 
In-Flight  
Demonstration 
Number T i t l e  
-
Charged P a r t i c l e  Mobil i ty 
Fluid E lec t rophores i s  i n  Space 




Apollo 14  
ELECTROPHORESIS-GERMAN 
I n v e s t i g a t e  free-flow e lec t rophores i s  
i n  zero  g rav i ty  condi t ions .  
Purpose 
The purpose i s  t o  i n v e s t i g a t e  the  p o s s i b i l i t i e s  of improved performance 
of t h e  f r e e  flow e lec t rophores i s  process i n  t h e  absence of g rav i ty .  
The func t iona l  t e s t  ob jec t ives  are:  
FTO 1) Verify p a r t i c l e  e lec t rophores i s  i n  t h e  absence of g rav i ty .  
FTO 2) Tes t  the  q u a l i t y  of separa t ion  a t  high sample flow r a t e s .  
FTO 3) Demonstrate t h e  p o s s i b i l i t y  of separa t ing  c e l l s  f o r  c l i n i c a l  
app l ica t ions .  
Test  Condit ions 
FTO 1) Spacecraf t  v i b r a t i o n s  and a c c e l e r a t i o n s  w i l l  be he ld  t o  a  mini- 
FTO 2) mum. Single- je t  RCS minimum impulse a t t i t u d e  c o n t r o l  during 
FTO 3) t h e  experiment opera t ion  is permiss ible ,  i f  required.  
Three samples w i l l  be launched i n  a non-frozen s t a t e  and w i l l  
be scheduled f o r  test during a s i n g l e  80-miaute period.  These 
t h r e e  samples must be processed wi th in  a  time per iod s t a r t i n g  
a t  p r e f l i g h t  sample p repara t ion  and ending 135 hours l a t e r .  I n  
add i t ion ,  one sample f o r  Experiment MA-014 w i l l  be launched i n  
t h e  Experiment MA-011 f r e e z e r  and w i l l  be scheduled f o r  test 
dur ing a  s i n g l e  40-minute period. This MA-014 sample from t h e  
MA-011 f r e e z e r  w i l l  be processed before  f u i t i a t i n g  any Experi- 
ment MA-011 a c t i v i t i e s .  
Test  Requirements 
FTO 1 )  Data w i l l  be recorded on t h e  Experiment MA-014 recorder  during 
FTO 2) t h e  processing of each of t h e  four  samples. The experiment 
FTO 3) hardware, t o  include t h e  tape,  w i l l  be  re turned t o  ea r th .  
In add i t ion ,  a  sample of t h e  b u f f e r  s o l u t i o n  w i l l  be obtained 
a s  soon a s  f e a s i b l e  aboard t h e  recovery s h i p  i n  order t o  per- 
m i t  a  subsequent determination of t h e  s o l u t i o n ' s  contamination 
l e v e l .  
Data Requirements 
1) Premission Data: 
a) Telemetry Measurements : 
None 
b) Calibration and Checkout Data 
In  accordance with KSC checkout procedures TBD 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
Telemetry Measurements: 
None 
Telemetry Measurement Tapes: 
None 
Onboard astronaut voice transcript  containing crew 
comments on time of act ivat ion of each test period 
Astronaut Debrief ings : 
One copy of the astronauts '  postmission s c i e n t i f i c  
debriefing 
Trajectory and Special Data: 
Law level  acceleration data during experiment operation 
TBD . 
-
Tape recording of experiment r e su l t s  from the Experiment 
MA-014 tape recorder 
Sample of the buffer solution as  obtained onboard the 
r scovery ship 
MA-014 ELECTROPHORESIS - GERMAN 
Background and J u s t i f i c a t i o n  
Electrophoresis, i.e., the  separat ion of b io log ica l  mater ia l s  such a s  
c e l l s  by means of an e l e c t r i c  f i e l d ,  i s  an  important t o o l  i n  b io log ica l  
and medical research. Free flow electrophoresis ,  i n  which t h e  semple flows 
continuously through an e l e c t r i c  f i e l d  perpendicular t o  t he  flow, has 
become important i n  human medicine. Pa t i en t s  suf fe r ing  from bone marrow 
disease could be t rea ted  by ah la t ion  of the  diseased bone marrow and 
replacement with the marrow of a healthy donor. However, t ransp lan ta t ion  
disease usually r e su l t s .  It is widely an t ic ioa ted  t h a t  t h i s  d i sease  could 
be avoided by separating the bone marrow component t h a t  p ro tec t s  the pa t ien t  
from t h e  immuno-reactive component which a t t acks  t he  pat ient .  Laboratory 
t e s t s  have indicated the  capabi l i ty  of free-flow electrophoresis  i n  t h i s  
type of separation. 
A t  present the e f f ic iency  of free-flow electrophoresis  is  l imited by 
the resolut ion of the electrophoresis  apparatus and t h e  low output of 
separated c e l l s .  Higher output could be achieved by using higher flow- 
r a t e ,  wider separat ion gap, and higher e l e c t r i c  f i e l d  dens i t i e s .  This,  
however, increases  the  temperature with resu l tan t  increase i n  convection 
currents  and sedimentation. I n  zero gravi ty ,  these conditions would 
not prevai l .  
I n  the  experiment, the  separat ion is accomplished by mixing the  sample 
with a buffer  which flows slowly and i n  a laminar manner along a channel 
perpendicular t o  the e l e c t r i c  f i e l d .  The sample is  introduced continuously 
through a small hole on the  upstream s ide  of t he  channel and i s  separated 
i n  various angles according t o  buffer  ve loc i ty ,  t he  e l e c t r i c  f i e l d  gradient ,  
and the  various mobi l i t i es  which a r e  typ ica l  f o r  the  components of t he  mix- 
ture.  Each sample w i l l  be subjected t o  th ree  combinations of buf fe r  ve loc i ty  
and f i e l d  gradient.  A t  the  downstream end, t he  def lec t ion  and densi ty  
d i s t r i bu t ion  w i l l  be analyzed by opto-electronic means and the  r e s u l t s  
s tored i n  d i g i t a l  form on the  Experiment MA-014 tape recorder which w i l l  
be returned t o  ea r th  i n  the CM. 











Determine i f  c ry s t a l s  can be grown by 
d i f fu s ion  through water i n  zero 
grav i ty  conditions.  
Purpose 
The purposes a r e  t o  determine i f  s i n g l e  c rys t a l s  of s l i g h t l y  soluble  
compounds can be grown i n  zero grav i ty  conditions by allowing reac tan t  
solut ions t o  d i f fu se  toward each ~ t h e r  th rmgh a pure water region, t o  
obtain s ing l e  c r y s t a l s  superior  t o  those heretofore  ava i lab le  f o r  research 
and commercial appl icat ions,  and t o  ob ta in  da ta  f o r  evaluating t h i s  and 
other zero grav i ty  techniques for growing c rys t a l s  . 
The funct ional  test object ive is: 
FTO 1)  Grow s i n g l e  c r y s t a l s  by allowing reac tan t  solut ions t o  d i f fu se  
toward each other  through a pure water region. 
Test Conditions 
FTO 1) As soon a s  possible  a f t e r  completing a l l  maneuvers fo r  the 
MA-059 Experiments and a f t e r  the CSM burn f o r  f i n a l  separa- 
t i on  from the  Soyuz, the  six experiment containers  'for Experi- 
ment MA-028 w i l l  be act ivated.  
Test Requirements 
FTO 1) After the  containers  have been ac t iva ted ,  each container w i l l  
be inspected v i sua l ly  a t  approximately twelve-hour i n t e rva l s  
u n t i l  the  end of t h e  mission. Comments regarding container 
c r y s t a l  a c t i va t ion  and growth w i l l  be recorded o r  logged i n  
the astronauts '  log. It is  highly des i rab le  t ha t  photographs 
be taken of the container a t  each time of inspection using 
the  35-mm Nikon camera with a 35-m lens ,  Type SO-168 f i lm,  
MA-028 framing device, and photographed a t  a d i s tance  of 
approximately twelve inches. 
Data Requirements 
1)  Premission Data: 
None 
2) Mission Data: 
None 
MA-028 
3) Postmission Evaluation Data : 
Telemetry Measurements: 
None 
Telemetry Measurement Tapes: 
None 
Onboard Astronaut Voice Transcript 
Astronaut Debriefing: 
None 
Trajectory and Special Data: 
Low l eve l  accelerat ion da ta  during experiment operation T&. 
Three copies of a l l  35-mm photographs obtained during the 
experiment. 
One copy of t he  astronaut  log r e l a t i v e  t o  t h i s  experiment 
t o  include time of inspections and cabin temperature a t  
the time of each inspection. 
Six Experiment MA-028 containers 
MA-028 CRYSTAL GROWTH 
Background and J u s t i f i c a t i o n  
It is o f t en  d i f f i c u l t  t o  grow large,  s i ng l e  c rys t a l s  f r e e  of defec ts  
and of the  desired composition. Since the  c rys t a l s  a r e  usual ly  only 
s l i g h t l y  soluble  i n  water o r  other  convenient solvents,  they cannot be 
grown from so lu t ions  by ordinary low temperature methods. High tempera- 
t u r e  melt, solut ion,  o r  vapor growth methods a r e  complicated by a number 
of undesirable e f f ec t s ,  including phase transformations, v o l a t i l i t y  of 
one o r  more of the components, thermally and mechanically induced s t r a i n ,  
and increased sever i ty  of contamination problems. These complications 
r e s u l t  i n  defec ts  of various kinds including d is loca t ions ,  g ra in  boundar- 
i e s ,  and departures from stoichiometry. 
Superior c r y s t a l s  have been grown a t  low temperatures i n  normal 
gravi ty  using ge l  methods. However, with a few exceptions, the  c r y s t a l s  
cbtained were too small f o r  most appl icat ions.  Technologically important 
c rys t a l s  grown by ge l  methods include c r y s t a l s  of CdS, PbS, HgS, MnS, CuC1, 
Ag 1, and I (CH314NI 2 A813115* 
I n  the  ge l  method, i t  is believed tha t  the  pr inc ipa l  functions of 
the ge l  a r e  suppression of convective mixing and support of the growing 
c rys t a l .  In  zero grav i ty ,  it  is hypothesized tha t  the ge l  can be replaced 
with a region of pure water and s t i l l  r e s u l t  i n  growth of superior  c r y s t a l s  
of ce r t a in  compounds. Pure water a s  a growth medium would allow more 
rapid d i f fus ion  and completely el iminate  any mechanical cons t ra in t  of the 
growing c rys t a l .  I n  addi t ion,  o ther  detrimental e f f e c t s  associated with 
the ge l  such a s  contamination of t he  c r y s t a l  by g e l  const i tuents ,  com- 
p l i ca t i on  of the cont ro l  of nucleation r a t e s ,  and ge l  i n s t a b i l i t y  would 
be eliminated. The proposed zero gravi ty  method, l i k e  conventional g e l  
methods, is a law temperature method which minimizes problems of phase 
transformations, v o l a t i l i t y ,  s t r a i n ,  and contamination which are inherent 
i n  the high temperature mthods.  
The experiment hardware is a r e s u l t  of research and experimentation 
over the pas t  severa l  years.  Based on r e s u l t s  obtained, eeveral  compounds 
have been t en t a t i ve ly  chosen f o r  the zero gravi ty ,  pure water method. 
The following sample mater ia l s  a r e  being considered: PbS, CaC03, 
CaC4H406.4H20, AgI ,  PbIZ, CdS, and HgS. Select ion of the  f i n a l  sample 
mater ia ls  w i l l  be made p r io r  t o  the mission. 
The experiment hardware cons is t s  of s i x  t ransparent  r eac to r s  con- 
s i s t i n g  of three compartments each. The outer  two compartments w i l l  each 
contain a d i f f e r en t  s a l t  so lu t ion  which, when mixed, w i l l  form an insol-  
uble compound. A l l  o ther  reac t ion  products a r e  soluble  i n  water. The 
center compartment w i l l  contain pure water. During the  experiment per- 
formance, the outer compartments w i l l  be opened t o  allow the  s a l t  solu- 
t ions t o  mix i n  the center  compartments. The c r y s t a l s  w i l l  then from i n  
the pure water. 
Previous Mission Experiments 
None* 
(*Note: There have been previous mission experiments r e l a t ed  t o  
c r y s t a l  growth but  they were a l l  conducted i n  a multipurpose fur- 
nace during Skylab SL-3 and SL-4. Those experiments a r e  l i s t e d  
i n  t h i s  document i n  t he  Background and J u s t i f i c a t i o n  sec t ion  of 
Experiment MA-010, Multipurpose Furnace. ) 
SOFT X-RAY 
Observe and map c e l e s t i a l  and ear th  
atmospheric s o f t  X-ray emissions. 
Purpose 
The purpose js to map and observe c e l e s t i a l  and ea r th  atmospheric s o f t  
X-ray emissions. 
The funct ional  t e s t  object ives  are: 
FTO 1) Map c e l e s t i a l  X-ray emission i n  the energy region of 0.1 t o  
i .0  Kev. 
FTO 2) Observe d i sc re t e  X-ray sources t o  obtain spec t r a l  and timing 
d a t a  i n  the range of 0.1 t o  10.0 Kev. 
FTO 3) Record the s p a t i a l  dependence and cime v a r i a b i l i t y  of atmos- 
pheric X-ray emission i n  the range of 0.1 t o  10.0 Kev. 
Test Conditions 
- 
FTO 1)  Tke instrument w i l l  be pointed within two degrees of the  pre- 
FTO 2) wr ibed  pointing direct ion.  
FTO 3) 
The experiment door w i l l  be closed when spacecraf t  maneuvers 
bring the sun within ten degrees of the instrument field-of- 
view center l ine.  
SPS operation and RCS thrus te rs  A2, A4, B1,  and B4 rill be in- 
h ib i ted  when the experiment door i s  open. 
The experiment door w i l l  be closed during spacecraft  e f f luent  
dumps (H20, ur ine,  FC purge, e t c , )  and w i l l  remain closed for  
15 minutes thereaf te r .  
The instrument must be pointed toward deep space (away from 
sun o r  ear th)  a t  turn on. 
The experiment door w i l l  not be open more than =minutes 
with the experiment OFF. 
The experiment w i l l  not be operated more than TBD minutes with 
the  door closed. 
The three  plane scans shown i n  the Test Requirements fo r  PTO 1)  
and FTO 2) must be performed during darkness. A l l  o ther  data  
col lect ions should be planned during darkness, although p a r t i a l  
l i gh t s ide  observations a r e  acceptable. 
Data co l l ec t i on  is preferred between 30 degrees North l a t i t u d e  
and 30 degrees South l a t i t u d e ,  but is acceptable outs ide these 
l a t i t udes .  
A l l  da ta  w i l l  be col lected while outs ide t he  South At lan t ic  
Anomaly, defined fo r  t h i s  experiment a s  the  area bounded by 
longitude 45 degrees East t o  70 degrees West and l a t i t u d e  
15 degrees South t o  60 degrees South, 
It is des i rab le  t ha t  t a rge t s  be observed only *en the moon is 
more than 10 degrees away from the  instrument f ia lC cr '  view 
center l ine.  
It is highiy des i rab le  t h a t  the prime observations be conducted 
outs ide of TBD degrees of t he  sun. 
FTO 2) ' Observations must be conducted when viewable with l oca l  zenith 
angles equal t o  or  less than 90 degrees. 
Test kequirements 
FTO 1) The minimum requirement f o r  FTO 1 is  three  grea t  c i r c l e  scans 
FTO 3) from the  following list of g rea t  c i r c l e  scans. The scan dura- 
t i on  ~1.11 be approximately 15  minutes a t  a scan r a t e  less than 
0.5 . . b-e per second. It is highly des i rab le  t h a t  up t o  seven 
addi t iona l  scans be performed. Scans a r e  t o  be made with t he  
X-axis pointed a t  th,. following celee t i a l  coordinates. For 
FTO 3 ) ,  some ea r th  viewiqg observations w i l l  be accomplished a s  
p a r t  of the  grea t  c i r c l e  scans. 
Scan P r i o r i t y  Right Ascension (a) Declination (6) 
*Note: Scans 4, 5 ,  and 9 a r e  plane rcaar, and muat be  perf- a t  night  
t o  avoid t he  sun. 
FTO 2) The minimum r t q u i r m e n t  is t o  observe t h r ee  t a r g e t  groups from 
the  following eleven t a r g e t  groupr 110 ted  I n  d e s c d i n g  order  
of p r io r i t y .  Within each t a r g e t  group, the mlair\tm r e q u i r e u n t s  
f o r  that s p e c i f i c  group ara t h e  ta rge t .  l l r t e d  u h i@ p r io r i t y .  
I Centaurus Target Croup - P r i o r i t y  1 
Source UHURU Catalog Observation 
-!@!!. . Number - a - 6 x&!!Lwnn*). ,- P r i o r i t v  
3U 1022-55 10~22" -55. 5' 2 (Note 1)  - 
Eta Carinae 1 0 ~ 4 3 ~  -59.4' 2 High 
Cta X-3 3U 1118-63 llh19" -60.3' 5 High 
3U 1.144-74 1 lh4 5" -74.8' 2 (Note 1) - 
3U 1145-61 1 1 ~ 4 6 ~  -61.9" 2 (Note 1)  - 
3U 1210-64 12~10" -64.6' 2 (Note 1) - 
3U 1223-62 12~24" -62.6' 2 High 
3U 1254-69 12~54" -69 ,0° 2 (Note 1 )  - 
Cen A 3 U  1322-42 13t22: -42.8' 2 (Note 2) High 
NGC 5253 13 37 -31.4' 2 High 
(SN 1972e) 
Note 1: These t a rge t s  a r e  a l l  s t rong sources and may be scanned from t a r g e t  
t o  ta rge t  without holding f o r  the  two-minute observation time per 
ta rge t ,  When the  t a rge t  is i n  t he  instrument's four-degree f i e l d  
of view, the scan r a t e  may be up t o  0.25 degree per second. 
Note 2: On t h i s  pa r t i cu l a r  t a rga t ,  It is highly des i rab le  t h a t  a .scan mode 
be used. Two scans w i l l  be made a t  a scan r a t e  of 0.1 degree per 
second. The f i r s t  scan w i l l  be made i n  dec l ina t ion  from -35.0 
de rees t o  -51 degrees with t he  r i g h t  ascension being held a t  Jt 1 2 p .  The second scan w i l l  be made i n  r i g h t  ascension fram 
1 3 ~ 0 ~  t o  13h5CP with the  dec l ina t ion  being held a t  -42.8 degrees. 
Hercules Target Group - P r i o r i t y  2 
Source UHURU Catalog Obeervation 
Name 
- 
Number a 6 ~ i m c  (
- - Mn, P r i o r i t y  
Her Cluster 3 U  1551+15 l P ~ 2 ~  15.9' 2 High 
3U 1555+27 1 5 ~ 5 5 ~  27.2' 2 - 
3U 163W40 1 6 ~ 3 9 ~  40.2' 2 High 
3 U  1645+21 16~45" 21.5' 2 - 
Hercules Target Croup - Pr-\or i ty  2 (Cont.) 
UHURU Catalog Observation Source 
a 6 - Time (Min.) P r i o r i t y  Name 
- 
Number -- 
Her X-1 3~ 1653+35 1 6 ~ 5 6 ~  35.4' 5 High 
3U 1706+32 1 7 ~ 0 6 ~  32.1' 2 - 
3U 1736+43 1 7 ~ 3 6 ~  43 .0' 2 High 
3U 1809+50 18h~9m 50.3' 2 - 
Scorpius Target Group - P r i o r i t y  3 
GCX 




SCO X-1 3V 1617-15 
3U 1709-23 
3U 1727-33 














Obse rva t io~  
6 - Time (Mine) 
-15.5' 5 
-23.4" 2 (Note 1) 
-33.7' 2 (Note 1) 
-21.4' 2 
-16.9' 2 (Note 1)  
-24.7' 2 (Note 1) 
-44.4' 2 (Note 1) 
2 
2 (Note 1 )  
2 (Note 1) 
2 (Note 1) 
2 (Note 1) 
2 (Note 1)  
2 
2 (Note 1) 
2 (Note 1) 









Note 1: These t a rge t s  are a l l  s t rong  source. a d  may be scanned from t a rge t  
t o  t a rge t  without holding f o r  t he  two-minute o b s e m t i o o  time p a  
ta rge t .  When t h e  t a r g e t  is i n  t h e  lo.truunt8s f o u r d e g r e e  f i e l d  



















C Y ~  A 
cyg x-3 
C Y ~  Iaop 
C Y ~  x-2 








































-64 .lo 2 
-69.8' 2 
Cygnus Target Group - P r i o r i t y  6 
UHURU Catalog 
- Number 












Pr io r i t y  
Lupus, Norma, and Circ inus  Target  Group - P r i o r i t y  7 
Source UHURU Catalog Observation 
Name Number a 6 Time (Min. ) 
- - -




C i r  X-1 3U 1516-56 
Lupus Loop 








2 (Note 1 )  
5 
2 (Note 1 )  
2 (Note 1 )  
2 (Note 1 )  
2 
2 (Note 1 )  
2 (Note 1 )  
2 (Note 1 )  








NoEe 1: These t a r g e t s  a r e  a l l  s t rong  sources and may be  scanned from t a r g e t  
t o  t a r g e t  without holding f o r  t h e  two-minute obse rva t ion  time per 
t a r g a t .  When t h e  t a r g e t  i s  i n  t h e  ins t rument ' s  four-degree f i e l d  
of view, the  scan r a t e  may be up t o  0.25 degree , e r  second. 
Vela Target  Group - P r i o r i t y  8 
Source UHURU Catalog Observation 




















North Pole Target Group - Priority 9 





Time (Min.) Priority 
High 
High 
North Pole Target  Group - P r i o r i t y  9 (Cont.) 
UHURU Catalog Observation 




3U 1904+67 1 9 ~ 0 5 ~  67.0' 2 High 
Cas Target  Group - P r i o r i t y  10 
Source UHURU Cata . ~g Observation 
Name 
--- 




Cas A 3U 2321+58 23h21m 58.6' 2 High 
SN1572(Tycho) 3U 0022+63 0 0 ~ 2 3 ~  63.9" 5 High 
3U 0143+61 0 1 ~ 4 3 ~  61.3' 2 High 














Time (Min. ) 
- 
2 (Note 1 )  
2 (Note 1 )  
2 (Note 1 )  
2 (Note 1 )  
2 (Mote 1 )  
2 (Note 1 )  
2 (Note 1 )  
2 (Note 1 )  








Note 1: These t a r g e t s  a r e  a l l  s t rong  sources and may be scanned from t a r g e t  
t o  t a r g e t  without holding f o r  t h e  two-minute observat ion time per 
t a r g e t .  When the  t a r g e t  i s  i n  t h e  ins t rument ' s  four-degree f i e l d  
of view, the  scan r a t e  may be up t o  0.25 degree per second. 
I t  i s  highly  d e s i r a b l e  t h a t  the  fo l lwcing t a r g e t s  be observed once per  
day. There a r e  no minimum requirements f o r  t h e  once-per-day t a r g e t s .  
Observation 
P r i o r i t y  Name :I 




1 Her X-1 1 6 ~ 5 3 ~  +35.6" 5 
2 Sco X-1 1 6 ~ 1 7 ~  -15.5' 5  
3 Cen X-3 Uh19" -60.3" 5  
4 SMC X-1 lh 1 5m -73.7" 5  
I t  i s  highly  d e s i r a b l e  t h a t  t h e  following t a r g e t s  be  observed f o r  long dura- 
t i o n s  during crew r e s t  per iods .  There a r e  no minimum requirements f o r  long 
dura t ion  observat ions .  
Observation 





1 Cyg X-3 2oh31m +40. 8" - TBD 
2 Sco X-1 1 6 ~ 1 7 ~  -15.5' - TBD 
3 Her X-1 16h53m +35.6" - TBD 
4 Cen X-3 l l h l g m  -60.3" - TBD 
FTO 1)  The va lues  of r i g h t  ascension (a) and d e c l i n a t i o n  ( 6 ) ,  f o r  
FTO 2) each t a r g e t  l i s t e d  above, a r e  based on t h e  equinox and equator  
of 1950, and on t h e  epoch of 1950. Correct ions  f o r  proper 
motion a r e  not  required.  
I n  order  t o  acqu i re  as much supplementary d a t a  a s  p o s s i b l e ,  i t  
is  highly  d e s i r a b l e  t h a t  t h e  MA-048 ins t rument  be  opera ted 
during t h e  e n t i r e  mission whenever hardware c o n s t r a i n t s  a r e  
not  v io la ted .  
?TO 1 )  Background measurement. of one-minute dura t ion ,  wi th  t h e  pro- 
FTO 2) t e c t i v e  door c losed,  w i l l  b e  made approximately every t h r e e  
FTO 3) hours of experiment opera t ion ,  except during crew r e s t  per iods  
and per iods  of c o l l e c t i n g  supplementary d a t a .  
A 20-second c a l i b r a t i o n  w i l l  be performed approximately every 
t h r e e  hours of experiment opera t ion ,  except during c rev  r e s t  
per iods  of c o l l e c t i n g  supplementary data .  It is pre fe r red  t h a t  
the  c a l i b r a t i o n s  be performed p r i o r  t o  o r  following d a t a  takes .  
It is highly  d e s i r a b l e  t h a t  t h e  c a l i b r a t i o n s  be  performed when 
r e a l  time d a t a  r ecep t ion  is p o s s i b l e  on the  ground. The c a l i -  
b r a t i o n s  may be  performed wi th  t h e  instrument p r o t e c t i v e  door 
open o r  closed.  
A gas purge w i l l  be  performed p r i o r  t o  i n i t i a l  opera t ion  of 
t h c  experiment and a s  required by MCC-H up t o  approximately 
every t h r e e  hours during experiment opera t ion,  except during 
crew r e s t  periods.  The p r o t e c t i v e  door mu,3t b e  open p r i o r  t o  
and durj.ng purges. 
Data Requirements 
1 )  Premission Data: 
a )  Telemetry Measurements : 
Measurements l i s t e d  under 3 a ) .  
b) Cal ib ra t ion  and Checkout Data 
I n  accordance with KSC checkout procedures -- TBD. 
2) Mission Data: 
a)  Telemetry Measurements : 
Measurements l i s t e d  under 3 a ) ,  as te lemetered v i a  ATS-6 
over ground s t a t i o n s ,  o r  ss recorded and played back a s  
soon a s  poss ible .  
3) Postmission Evaluation Data: 
a) Telemetry Measurenents : 
Measurement 
Number Descr ip t ion 
X-Ray Data Rate e 
X-Ray Background Rate 
X-Ray Coincident Rate 
X-Ray High Voltage Monitor 
X-Ray +5 VDC PS Vol ts  
X-Ray +15 VDC PS Vol ts  
X-Ray Gas Emergency Monitor 
X-Ray Tank Pressure  
X-Ray Detector P ressure  
X-Ray Bottom Base Temp 
X-Xay Top Reta iner  Bottom 
Base Differenc? 
X-Ray S p e c t r a l  Data 
X-Ray S c i e n t i f i c  Data 
* Included i n  t h e  4KB d a t a  system (SL 9686 k. n -  -hn 
51.2 KB PCM System. 
**PCM System only.  
Measureaent 
Number Descr ipt ion 
X-Ray Time Word 1 
X-Ray Time Word 2 
X-Ray +20 VDC PS Voltage 
X-Ray Door P o s i t i o n  
X-Ray High Voltage PS 1 Enabled 
X-Ray High Voltage PS 2 Enabled 
X-Ray High Voltage Cut-out 
X-Ray Tank Solenoid Valve Pos i t ion  
X-Ray Purge Solenoid Valve P o s i t i o n  
X-Ray C a l i b r a t e  Solenoid 
X-Ray Purge Sequencer 
X-Ray Purge Sequencer Clock 
X-Ray Timing Data 
X-Ray Bottom Ret. Bottom Base 
Difference Temp 
X-Ray Top Bottom Base 
Difference Temp 
X-Ray -15 'JDC PS Voltage 
X-Ray +28 VDC PS Voltage 
PCM System +10 VDC 
Purge Sequencer +10 VDC 
Telemetry Measurement Tapes : 
One copy of tapes  conta ining raw telemetry measurements a s  
l i s t e d  i n  3 a ) ,  recorded and c o r r e l a t e d  wi th  GEPT (wi thin  
+0.5 seconds with respec t  t o  t h e  PCM time tag)  during 
- 
per iods  2f experiment operat ion.  
Onboard Astronaut Voice Transcr ip t  
Astronaut Debrief ings  : 
One copy each of as t ronau t s '  postmission s c i e n t i f i c  and 
photographic debr ie f ing  t r a n s c r i p t .  
Tra jec to ry  and Spec ia l  Data: 
A computer compatible t ape  conta ining CSM ephemeris d a t a  
t o  a 3 sigma accuracy of 3 km, experiment sensor point ing 
t o  an accuracy of 1.27 degrees,  CSM a t t i t u d e  t o  an accu- 
racy of 0.25 degree and time c o r r e l a t e d  t o  0.5 second. 
Zenith angle and sun angle t o  an accuracy of 2 degrees 
must be  provided. I n  a d d i t i o n  t h e  f i e l d  of view is  de- 
s i r a b l e .  
One copy of the  Experiment Operation Log generated by t h e  
r e a l  time F l i g h t  Operations Team. 
MA- 04 8 SOFT X-RAY 
Background and J u s t i f i c a t i o n  
The f i r s t  astronomical  X-ray s t u d i e s  were c a r r i e d  ou t  between 1962 
and 1967, f i r s t  using Geiger counters  and l a t e r  p ropor t iona l  counters .  
These d e t e c t o r s  a l l  had berylium windows and were s e n s i t i v e  t o  X-rays 
i n  t h e  2 t o  20 Kev energy range. To d a t e ,  about 160 sources  have been 
observed i n  the  2 t o  20 Kev range,  most of these  discovered by t h e  UHURU 
s a t e l l i t e  launched i n  1970. In 1967-68, s e v e r a l  groups began making 
observat ions  with p ropor t iona l  counters  us ing t h i n  p l a s t i c  windows which 
t r ansmi t t ed  X-rays i n  a narrow band near  0.25 Kev and i n  t h e  range 0.6 t o  2 
Kek a s  we l l .  These s o f t  X-ray s t u d i e s  produced s e v e r a l  important  r e s u l t s  
which form the  background f o r  t h e  cur ren t  experiment. F i r s t ,  a  d i f f u s e  
glow of X-rays was observed t o  be p resen t  i n  a l l  d i r e c t i o n s .  The f l u x  
appears t o  be a maximum when looking toward the  poles  of our  galaxy,  
the  Milky Way; but  t h e  f l u x  looking r i g h t  i n t o  d i s c  of t h e  galaxy i s  
a l s o  appreciable .  The second r e s u l t  was the  d e t e c t i o n  of X-ray sources  
which only emit a t  ene rg ies  below 2 Kev. There a r e  c u r r e n t l y  about 10 
of these  sources  known. Most appear t o  be assoc ia ted  wi th  o ld  supernova 
remnants and probably i n d i c a t e  the  presence of  plasmas produced by t h e  
shock waves from the  o r i g i n a l  supernovas hea t ing  the  surrounding i n t e r s t e l l a r  
gas.  However, two o r  th ree  of these  sources  a r e  not  a s soc ia ted  wi th  any 
mown supernova remnants. I t  i s  p o s s i b l e  t h a t  these  a r e  nearby remnants 
of l a r g e  angular s i z e  whose o p t i c a l  and r a d i o  s u r f a c e  b r igh tness  a r e  too 
low t o  be de tec ted  by conventional  ground-based tech 'aues .  The t h i r d  
important r e s u l t  of s o f t  X-ray astronomy i s  the  obser a t i o n  of turn-overs 
i n  the  s p e c t r a  of many X-ray sources  a t  ene rg ies  below 2 Kev. These 
f e a t u r e s  a r e  a t t r i b u t e d  t o  absorpt ion of s o f t  X-rays e i t ) ! e r  by a high 
dens i ty  of mat ter  i n  the  source i t s e l f  o r  by the  i n t e r s t e l l a r  m a t e r i a l  
between the  e a r t h  and the  source .  Measurements of t h e  amount of i n t e r s t e l l a r  
mat ter  a r e  p a r t i c u l a r l y  important  because they can be used t o  determine 
the  d i s t ance  t o  many of the  X-ray sources .  
Another i n t e r e s t i n g  aspect  of s o f t  X-ray observat ions  is t h e  p o s s i b i l i t y  
of measuring atmospheric X-rays from p r e c i p i t a t i n g  e l e c t r o n s  i n t e r a c t i n g  
high i n  the  upper atmosphere. To d a t e ,  no sys temat ic  obse rva t ions  of t h i s  
phenomenon have been made. X-rays have been observed i n  a u r o r a l  r eg ions ,  
but  c a l c u l a t i o n s  show t h a t  even a t  lower geomagnetic l a t i t u d e s  apprec iab le  
X-ray f luxes  may be observed during d i s tu rbed  magnetic cond i t ions .  During 
a rocket  f l i g h t  i n  November 1973, such a f l u  was apparent ly  observed a t  
White Sands, New Mexico. 
I n  t h e  ASTP X-ray experiment, t h e r e  w i l l  be s e v e r a l  k inds  of s t u d i e s .  
The longer  i n t e g r a t i o n  time a v a i l a b l e  i n  a s a t e l l i t e  experiment compared 
t o  a rocket  f l i g h t  makes i t  p o s s i b l e  t o  use  a narrower f i e l d  of view. 
Thus, maps may be  obta ined of t h e  s o f t  X-ray background wi th  b e t t e r  
angular r e s o l u t i o n  and b e t t e r  s e n s i t i v i t y  f o r  d e t e c t i n g  low c o n t r a s t  
f e a t u r e s .  Ten hours of continuous d a t a  would be required t o  map t h e  
e n t i r e  c e l e s t i a l  sphere ,  b u t  even 25% coverage wi th  t h i s  s e n s i t i v i t y  would 
provide a s i g n i f i c a n t  advance i n  our s tudy of t h e  background. I n  add i t ion ,  
t h e  scanning p a r t  of the  experiment w i l l  cover the  appropr ia te  por t ions  of 
t h e  sky i n  which t o  sea rch  f o r  new X-ray emi t t ing  supernova remnants. The 
earth-looking p o s i t i o n s  of t h e s e  scans  w i l l  a l s o  provide t h e  d e s i r e d  d a t a  
on atmuspheric X-rays . 
The po in t ing  c a p a b i l i t i e s  of t h e  CSM s p a c e c r a f t  w i l l  p rovide  
us wi th  t h e  oppor tuni ty  t o  observe se lec ted  t a r g e t s .  These t a r g e t s  w i l l  
be s e l e c t e d  from ca ta logs  of known sources  f o r  which s e v e r a l  new types 
of measurements can be made wi th  t h i s  experiment. S p e c t r a l  informat ion 
w i l l  provide d a t a  on absorpt ion both i n  t h e  sources  and i n  the  in te rven ing  
i n t e r s t e l l a r  mat ter .  Severa l  sources w i l l  be observed repea ted ly  dur ing 
t h e  mission t o  look f o r  v a r i a b i l i t y  and p a r t i c u l a r l y  f o r  changes i n  the  
s o f t  X-ray absorpt ion which would i n d i c a t e  t h a t  the  absorpt ion must be 
i n  the  source i t s e l f .  The experiment can a l s o  monitor v i a b i l i t y  on time 
s c a l e s  a s  s h o r t  a s  3 msec. 
A l l  s a t e l l i t e  X-ray experiments i n  t h e  p a s t ,  and those  planned u n t i l  
t h e  S h u t t l e  becomes opera t iona l ,  have had very long lead times. Therefore,  
t h e  s a t e l l i t e  hardware has  lagged behind t h e  state-of-the-art  a s  developed 
i n  sounding rocke t  programs. With t h e  acce le ra ted  schedule f o r  t h e  ASTP 
mission,  t h e r e  is a unique oppor tuni ty  t o  apply s ta te-of- the-ar t  techniques 
t o  a long d u r a t i o n  s a t e l l i t e  experiment. The unique f e a t u r e s  which w i l l  be  
used f o r  t h e  f i r s t  time on a s a t e l l i t e  experiment include:  low energy 
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c a p a b i l i t y ;  e l e c t r o n i c s  t o  f u l l y  u t i l i z e  the  s p e c t r a l  r e s o l u t i o n  of the  
p ropor t iona l  counter ,  and f a s t  timing c a p a b i l i t y .  The ASTP mission i s  a l s o  
occurr ing a t  a  unique juncture  i n  t h e  development of X-ray astronomy. The 
UHURU s a t e l l i t e  has  loca ted  about 160 sources.  These r e s u l t s  po in t  t o  f u r t h e r  
observat ions  r e q u i r i n g  t h e  c a p a b i l i t i e s  planned f o r  t h e  ASTP experiment. 
A t  t h e  same t i m e ,  t h e  techniques and r e l i a b i l i t y  of the  d e t e c t o r  and a s s o c i a t e d  
e l e c t r o n i c s  have been improved dur ing the  pas t  t h r e e  yea r s  t o  t h e  point  
where t h e  rocke t  hardware is  r e a d i l y  adaptable  t o  t h i s  s a t e l l i t e  mission. 
One f u r t h e r  CSM c a p a b i l i t y  of major importance t o  t h e  X-ray experiment 
i s  the  s p a c e c r a f t  a t t i t u d e  c o n t r o l  which provides both i n e r t i a l  po in t ing  
and the  required scans .  
Previous Mission Experiments- 
Experiment 
Number T i t l e  
-




Measure t h e  concentra t ion of atomic 
oxygen and atomic n i t r o g e n  by o p t i c a l  
absorpt ion spectroscopy . 
The purpose is  t o  measure t h e  concentra t ions  of atomic oxygen and atomic 
n i t rogen  i n  t h e  atmosphere by o p t i c a l  absorp t ion  spectroscopy. 
The f u n c t i o n a l  t e s t  o b j e c t i v e s  a r e  a s  follows: 
FTO 1 )  Measure the  d e n s i t i e s  of atomic oxygen and atomic n i t rogen  
i n  e a r t h ' s  atmosphere a t  the  o r b i t a l  a l t i t u d e  by o p t i c a l  
absorpt ion spectroscopy, and determine t h e  atmospheric gas 
temperature. 
FTO 2) Measure t h e  abundance of atomic oxygen and atomic n i t rogen  
w i t h i n  t h e  ambient cloud around the  Soyuz s p a c e c r a f t .  
FTO 3) Measure t h e  atomic oxygen/nitrogen v a r i a t i o n  w i t h i n  t h e  
o r b i t a l  path.  
FTO 4) Measure t h e  resonant  f luorescence background and sky airglow. 
FTO 5) Measure ambient atmosphere gas  p i l e  up. 
Test  Conditions 
FTO 1)  During d a t a  gather ing per iods ,  t h e  r e t r o r e f l e c t o r  mounted on 
t h e  s i d e  of the  Soyuz w i l l  be pointed t o  w i t h i n  57 degrees of 
a l i n e  normal t o  t h e  Soyuz o r b i t a l  plane. 
The experiment w i l l  be accomplished a t  s e p a r a t i o n  d i s t a n c e s  of 
approximately 150 +50 meters,  500 +60 meters ,  and 1 km +lo0 
meters between the-two s p a c e c r a f t  &r ing  each d a t a  co l lTc t ion  
per iod . 
The CSM WAF ranging system w i l l  b e  opera ted t o  a i d  i n  de te r -  
mining t h e  150 meter,  500 meter,  and 1 km range. 
FTO 1 )  During d a t a  gather ing per iods ,  t h e  CSM v e h i c l e  w i l l  po in t  t h e  
FTO 2) spectrometer assembly t o  w i t h i n  +1.5 degrees  i n  s p a c e c r a f t  yaw 
and s . 3 5  degree i n  spacecra f t  p i t c h  of the  l i n e  between the  
Apollo and the  Soyuz spacecra f t  r e t r o r e f l e c t o r ,  u t i l i z i n g  the  
COAS and Panel  101 meter. 
FTO 1 )  The experiment door w i l l  b e  c losed during s p a c e c r a f t  dumps 
FTO 2) (H20, u r ine ,  FC purge, e tc . )  and wi'l  remain c losed f o r  1 5  
FTO 3) minutes t h e r e a f t e r .  
FTO 4) 
FTO 5) The sun must not  be wi th in  20 degrees  of t h e  instrument l i n e -  
of-sight  when t h e  door is open. 
RCS j e t s  B3 ,  C 4 ,  and D4 w i l l  be i n h i b i t e d  dur ing d a t a  co l l ec -  
t i o n  per iods .  I n  a d d i t i o n ,  SM RCS j e t  impingement on t h e  
Soyuz r e t r o r e f l e c t o r  w i l l  not  be permitted whenever t h e  sepa- 
r a t i o n  d i s t a n c e  is  l e s s  than E. 
The instrument lamps must be turned ON 20 minutes p r i o r  t o  use. 
Instrument alignment, u t i l i z i n g  a  f i r s t  magnitude or  b r i g h t e r  
s t a r  by use  of t h e  COAS and CSM t e s t  metes on Panel  101, w i l l  
be made p r i o r  t o  obta ining s c i e n t i f i c  da ta .  
Tes t  Reauirements 
FTO 1 )  The CSM w i l l  sweep a t  approximately t h r e e  degrees  per minute 
FTO 4 )  through an ang le  of +15O with  r e s p e c t  t o  a l i n e  normal t o  t h e  
Soyuz o r b i t a l  plane d u r i n g  each d a t a  c o l l e c t i o n  period whi le  
maintaining the  alignment requirements of FTO 1 t e s t  cond i t ions .  
One night-t ime d a t a  c o l l e c t i o n  period i s  requ i red  a t  each of 
the  t h r e e  s e p a r a t i o n  d i s t ances .  I t  is highly  d e s i r a b l e  t h a t  
t h e  d a t a  be taken a s  near t h e  equator a s  f e a s i b l e .  
Instrument c a l i b r a t i o n  w i l l  be conducted a f t e r  each d a t a  col lec-  
t i o n  period i n  t h e  following sequence (minimum of 30 seconds 
each) : 
a )  Lamp ON, door OPEN 
b) Lamp ON, door CLOSED 
FTO 2) With t h e  CSM/DM -XA4 a x i s  pointed along t h e  v e l o c i t y  v e c t o r ,  
t h e  CSMIDM +XAl, a x i s  w i l l  b e  a l igned  w i t h i n  7 degrees wi th  
r e s p e c t  t o  the  Soyuz +Xc6 %xis and t h e  experiment LOS w i l l  be 
pointed toward t h e  Soyuz a f t  r e t r o r e f l e c t o r .  Data w i l l  b e  
obta ined f o r  approximately f i v e  minutes during n i g h t  t ime a t  a 
nominal v e h i c l e  s e p a r a t i o n  of 150 meters. 
FTO 3) Approximately one complete o r b i t  of d a t a  is required.  The CSM/ 
DM X-axis w i l l  be normal t o  t h e  v e l o c i t y  vec to r  and t h e  Y-Z p lane  
a c t o r .  w i l l  be p a r a l l e l  t o  t h e  v e l o c i t y  v- 
FTO 5) While i h e  CSM/DM is being r o l l e d  360 degrees  about t h e  X-axis 
a t  0.5 degree per second wi th  t h e  X-axis normal t o  t h e  velo- 
c i t y  v e c t o r ,  and with the  Y-Z p lane  p a r a l l e l  t o  t h e  v e l o c i t y  
vec to r ,  d a t a  w i l l  be taken t o  determine t h e  atmosphere gas 
p i l e  up. This is the  minimum d a t a  requirement f o r  FTO 5. 
I t  i s  h igh ly  d e s i r a b l e  t h a t  d a t a  a l s o  be  taken  wh i l e  t h e  CSM/ 
DM is be ing  p i t ched  about  t h e  Y-axis a t  0 . 5  degree  p e r  second 
wi th  t h e  +X-axis forward a long  t h e  v e l o c i t y  v e c t o r ,  through a 
90 degree  a r c  (f45 degrees  w i t h  r e s p e c t  t o  l o c a l  h o r i z o n t a l ) .  
Data Requirements 
1) Premiss ion  Data: 
a )  Telemetry Measurements: 
Pleasurements l i s t e d  under 3 a )  
b) C a l i b r a t i o n  and Checkout Data: 
I n  accordance wi th  KSC checkout  procedures  E. 
2) Mission Data: 
a )  Telemetry Measurements : 
Measurements l i s t e d  under 3 a ) ,  as t e l eme te red  over ground 
s t a t i o n ,  o r  a s  recorded and played back over  a ground s t a t i o n  
a s  soon a s  p o s s i b l e .  
3) Pos tmiss ion  Eva lua t ion  Data: 
a )  Telemetry Measurements: 
Measurement 
Number 
CK 1043 X 
DL 9630 T 
DL 9631 H 
DL 9632 V 
DL 9633 V 
DL 9634 T 
DL 9635 U 
DL 9636 T 
DL 9637 U 
DL 9638 U 
DL 9639 U 
DL 9640 C 
DL 9641 C 
DL 9642 X 
through 
DL 9657 X 
D e s c r i p t i o n  
70-mm Camera S h u t t e r  Open 
UVA - Housing Temp 
UVA - S t a r t r a c k e r  Tracking  Er ro r  
UVA - PMT High Vol tage  
WA - Regulated Vol tage  
WA - N Lamp Temp 
UVA - S t a r t r a c k e r  Br igh tnes s  
UVA - 0 Lamp Temp 
WA - N Lamp I n t e n s i t y  
WA - K Lamp I n t e n s i t y  
UVA - 0 Lamp I n t e n s i t y  
WA - Converter  Current  # I  
UVA - Conver ter  Cur ren t  # 3  
B i t  No. 1 t h r u  B i t  
No. 16 
b)  Telemetry Measurement Tapes : 
Four c o p i e s  of t a p e s  c o n t a i n i n g  raw t e l eme t ry  measurements 
a s  l i s t e d  i n  3 a ) ,  recorded  and c o r r e l a t e d  w i t h  GMT ( w i t h i n  
+0.5 - second w j t h  r e s p e c t  t o  t h e  PCM time t ag )  du r ing  p e r i o d s  
of experiment  o p e r a t i o n .  
c)  Three cop ie s  of Onboard Astronaut- Voice T r a n s c r i p t  
d) As t ronaut  Debrief  i ngs :  
Three cop ie s  each of  a s t r o n a u t s '  pos tmi s s ion  s c i e n t i f i c  
d e b r i e f i n g  t r a n s c r i p t .  
e )  T r a j e c t o r y  and S p e c i a l  Data: 
Three computer-compatible t a p e s  c o n t a i n i n g  CSM ephemeris 
d a t a  t o  a 3-sigma accuracy  of 3 km, experiment  s e n s o r  
p o i n t i n g  t o  an  accuracy  of 0.8 deg ree ,  CSM a t t i t u d e  t o  an  
accuracy  of 1 degree  and t ime c o r r e l a t e d  t o  0.5 second. 
VNF ranging,  sun  a n g l e  t o  an  accuracy  of 2 deg rees  and 
experiment  l i n e  of s i g h t  t o  t h e  sun must b e  provided.  
MA-0 59 UV ABSORPTION 
Background and J u s t i f i c a t i o n  
A t  p resen t ,  the  abundances of atomic oxygen and atomic n i t rogen  i n  
the  e a r t h ' s  upper atmosphere a r e  not  accura te ly  known. The oxygen abun- 
dance is uncer ta in  by a  f a c t c r  of f i v e  t o  t e n ,  and t h e  n i t rogen  abundance 
has never been measured. Mass spectrcscopy has been used t o  measure such 
abundances, bu t  t h i s  technique con ta ins  inherent  sources  of ambiguity, 
such a s  l o s s  of atoms by recombination on t h e  w a l l s  of t b -  instrumen: or  
d i r e c t  con t r ibu t ion  of atomic ions  from molecules by e l e c t r o n  bombardment- 
induced " d i s s o c i a t i v e  ionizat ion."  A t  an  a l t i t u d e  of 225 Km, t h e  l a t t e r  
e f f e c t  may not be so  important  f o r  oxygen because t h e  atomic s p e c i e  is 
much more abundant than the  molecular specie .  However, f o r  n i t rogen ,  t h e  
l a t t e r  e f f e c t  may p resen t  severe  r e s t r i c t i o n s  f o r  mass spectroscopy because 
the  molecular spec ie  is much more abundant than t h e  a t . ,  ( c  spec ie  a t  t h a t  
a l t i t u d e .  Some experimenters f e e l  i t  i s  poss ib le  t o  c a l i b r a t e  out  these  
e f f e c t s  f o r  mass spectroscopy, bu t  t h i s  i s s u e  i s  not  s e t t l e d ;  an independent 
technique is  required t o  measure t h e  c o n s t i t u e n t  abundances of t h e  
atmosphere. 
j 
One such technique is  o p t i c a l  absorpt ion spectroscopy. The amount of 
absorpt ion of a  beam of resonance l i n e  r a d i a t i o n  from a  known source  over 
a  known path length  w i l l  i n d i c a t e  t h e  d e n s i t y  of the  p a r t i c u l a r  spec ie .  
The absorp t ion  l i n e  p r o f i l e  can be obtained by scanning wi th  respec t  t o  
t h e  angle  between the  lamp beam and t h e  v e l o c i t y  vec to r ,  thereby the  tem- 
pe ra tu re  of t h e  p a r t i c u l a r  s p e c i e  can be  obtained.  
The ASTP mission p resen t s  a unique oppor tuni ty  t o  apply o p t i c a i  absorp- 
t i o n  spectroscopy t n  t h e  i n v e s t i g a t i o n  o f  n e u t r a l  atomic oxygen and n i t rogen  
abundances (as low a s  2 x 106 cm-3) and t h e i r  temperatures i n  t h e  e a r t h ' s  
upper atmosphere. Also, abundances i n  t h e  ambient atmosphere assoc ia ted  
with the  Apollo and Soyuz spacecra f t  can be obta ined.  The technique w i l l  
be t o  send moncchromatic l i g h t  beams whose wavelengths correspond t o  n e u t r a l  
0 0 
atomic oxygen and n i t rogen  resonance l i n e s  (1304 A and 1200 A ,  r e s p e c t i v e l y )  
from t h e  CSM t o  the  Soyuz, where they w i l l  be r e t r o r e f l e c t e d  i n t o  a  scan- 
ning g r a t i n g  Ebert-Fastie amct romete r  on the  CSM. The major doppler e f f e c t s  
w i l l  be avoided by pos i t ion ing  t h e  two spacecra f t  s o  t h e  beam t r a v e l s  per- 
( pendicular ly  t o  the  " r e l a t i v e  wind." The l i n e  p r o f i l e s  a r e  obta ined by 4-57 
re in t roducing minor doppler e ' f e c t s  v i a  spacecra f t  maneuvering. For the  
earth-atmospliere i n v e s t i g a t i o n s ,  t h e  eFfec t s  df the  out  gas c o n t a m i n ~ n t s  
surrounding thd spacecra f t  w i l l  be accounted f o r  by varying the  spacecra f t  
separa t ions  and studying t h e  near f i e l d  resonant s c a t t e r i n g  s i g n a l .  Also, 
a  s p e c i a l  spacecra f t  atmosphere i n v e s t i g a t i o n  can be conducted wi th  the  
two spacecra f t  o r i en ted  p a r a l l - 1  t o  t h e  " r e l a t i v e  wind"; the  e f f e c t s  of 
the e a r t h ' s  atmosphere w i l l  then be doppler s h i f t e d  ou t  of the  wavelength 
range of the  experiment. 
From the  foregoing paragraph, i t  is c l e a r  t h ~ t  h i s  o p t i c a l  absorp t ion  
spectroscopy experiment i s  p a r t i c u l a r l y  appropr jk - t  f o r  the AST? micsion 
because of the  y e s e n c c  of two v e h i c l e s  and because of the  p r e c i s e  a t t t t u d e  
and pos i t ion ing  maneuvers made poss ib le  by manned opere- ion of the  CSM. 'The 
timing of t h e  ASTP miss ion i s  a l s o  p a r t i c u l a r J y  appropr ia te  s i n c e  r e s u l t s  
from the  Atmospheric Explorer s a t e l l i t e s ,  which a r z  ~ c h c d c ~ e d  t o b e  f l y i n g  
a t  t h a t  time w i l l  provide complementary d a t a ,  F i n a l l y ,  t h i s  experiment 
w i l l  serve  t o  develop an important  technique .for a p p l i c a t i n n  cn 'hut t l e  
missions.  O f  a l l  f e a s i b l e  techniques,  o p t i c a l  absorpt ion spectroscopy 
conta ins  the  g r e a t e s t  promise f o r  high-accuracy i n v e s t i g a t i o n s  of the  
c o n s t i t u e n t s  of e a r t h ' s  upper atmosphere. 
Previous Mission Experiments 
Exper b e n t  
Number Mission 
SO63 U l t r a v i o l e t  Airglow Horizor. Ph-~tography Skylab SL-3,SL-4 
S201 UV Elect roaographic  Camerh Sky l ab  SL-4 
EXTREME UV SURVEY 
Search f o r  extreme IN (EUV) d i s c r e t e  
sources i n  the  n ight  sky. 
Purpose 
The purpose is t o  search f o r  r a d i a t i o n  sources of EUV i n  t h e  region 
0 
between 50 and 1000 A. 
The func t iona l  t e s t  o b j e c t i v e s  are :  
FTU 1) Study EW d i s c r e t e  sources  (coronas of nearby s t a r s ,  acc re t ing  
mat ter  s t a r s )  and thg time v a r i a t i o n s  assoc ia ted  wi th  s o f t  
X-ray (50 < h <lo00 A) sources .  Make s p e c t r a l  s t u d i e s  of d i s -  
c r e t e  and extended sources wi th  t h e  o b j e c t i v e  of determining 
the  emission mechanism. 
FTO 2) Make random survey scans  uf the  sky t o  d iscover  a d d i t i o n a l  
d i s c r e t e  sources  and/or defunct  p u l s a r s .  
Tes t  Conditions 
FTO 1) The instrument w i l l  be pointed wi th in  3ne degree of t h e  
s p e c i f i e d  t a r g e t .  
FTO 1) The experiment door w i l l  be  closed p r i o r  t o  s p a c e c r a f t  vent  
FTO 2) opera t ions ,  and w i l l  remain closed f o r  a per iod of 60 minutes 
a f t e r  any s p a c e c r a f t  dump. This  c o n s t r a i n t  i s  no t  app l i cab le  
t o  vent ing assnc ia ted  wi th  Experiment Yi-010 opera t ion.  I n  
a d d i t i o n ,  t h e  experiment door w i l l  be c losed dur ing t h e  
Experiment MA-048 purge and only f o r  f i v e  minutes t h e r e a f t e r .  
The experiment door w i l l  be  c losed any time t h e  sun is  wi th in  
ten  degrees  of t h e  EUV te lescope field-of-view c e n t e r l i n e .  
The i n s t r u n e n t  \ r i l l  not  be operated when the  experiment door 
is  closed a d  not f o r  a t  l e a s t  t en  seconds a f t e r  t h e  door is  
opened. 
SPS opera t ion  and RCS t h r u s t e r s  A2, A4, B 1 ,  and B4, w i l l  be  
i n h i b i t e d  when t h e  experiment door is  open. 
Observations should be planned only when viewable wi th  l o c a l  
zen i th  ang les  of l e s s  than 70 degrees.  
It i s  highly  d e s i r a b l e  t h a t  t h e  experiment observat ions  be 
performed o u t s i d e  t h e  South A t l a n t i c  Anomaly, def ined f o r  
t h i s  experiment a s  an a r e a  bounded by longi tude 10 degrees 
East  t o  60 degrees West and l a t i t u d e  20 degrees  South t o  
55 degrees  South. 
Test Requirements 
FTO 1) An in - f l igh t  r a s t e r  scan of four  degrees by s i x  degrees w i l l  
be made across  t h e  t a r g e t  i n  Table 1 p r i o r  t o  t h e  observat ion 
period t o  determine point ing e r r o r s .  The r a s t e r  scan w i l l  be 
performed using the  two-degree FOV i n  order  t o  determine i f  
t h i s  mode of operat ion i s  f e a s i b l e  f o r  the  mission. Five o r  
more continuous scans w i l l  be executed i n  p i t c h  o r  yaw d i s -  
placed from each o ther  by no more than one degree i n  yaw o r  
p i tch .  The scan r a t e  should not exceed 0.2 degree per  second 
t o  ensure seeing t h e  s t a r ;  0.1 degree per second is des i rab le .  
The length  of each of t h e  scans should exceed f i v e  degrees; a 
ten-degree scan is preferable .  The cen te r  of t h e  r a s t e r  scan 
w i l l  coincide  with t h e  t a r g e t  se lec ted  from Table 1. 
The r a s t e r  scan d a t a  w i l l  be provided t o  t h e  P r i n c i p a l  Inves- 
t i g a t o r  about s i x  hours o r  more p r i o r  t o  commencing observa- 
t i o n s  l i s t e d  i n  subsequent t ab les .  I f  d a t a  us ing t h e  two- 
degree FOV a r e  degraded, t h e  four-degree FOV w i l l  be used f o r  
subsequent observat ions  and t h e  observat ion times shown i n  
Tables 2 through 7 v i l l  be quadrupled. I n  t h i s  event,  a new 
p r i o r i t y  schedule w i l l  be uplinked t o  the crew. 
Tables 2 through 7 ,  and t h e  t a r g e t s  wi th in  each t a b l e ,  a r e  
l i s t e d  i n  descending o rder  of p r i o r i t y .  For each t a r g e t  i n  
Tables 2 through 7,  t h e  t a r g e t  w i l l  be wi th in  ,he instrument 
field-of-view (FOV) f o r  one-half of t h e  viewing t i m e .  The 
o ther  one-half of t h e  viewing time w i l l  be  spen t  wi th  i n s t r u -  
ment l ine-of-sight (LOS) point ing c l o s e  t o  t h e  t a r g e t  but  wi th  
the  t a r g e t  not i n  the  FOV. The minimum requirement is  t h e  
observation of 25 t a r g e t s .  
I f  the  viewing time is not  g r e a t e r  than one minute, the  i n s t r u -  
ment LOS w i l l  be pointed a t  t h e  t a r g e t  £or  one-half minute. 
S u f f i c i e n t  background da ta  w i l l  be obtained a s  t h e  instrument 
FOV moves toward t h e  t a r g e t ,  and a s  i t  moves away from the  
t a r g e t  a f t e r  observing it. 
I f  the  viewing time is  g r e a t e r  than one minute, t h e  icstrument 
LOS w i l l  be d i r e c t e d  t o  a po in t  t h r e e  degrees away from t h e  
t a r g e t ,  and observat ion w i l l  be made f o r  one-fourth of the  
viewing time. The LOS w i l l  then be d i r e c t e d  a t  t h e  t a r g r t  
and the  t a r g e t  w i l l  be observed f o r  one-half of t h e  viewing 
time. F ina l ly ,  t h e  LOS w i l l  be d i rec ted  t o  a po in t  t h r e e  
degrees away from t h e  t a r g e t  on the  opposi te  s i d e  from t h e  
f i r s t  point ,  and observat ions  made f o r  t h e  remaining one- 
four th  of viewing t i m e .  
FTO 2) Non-target scans a r e  highly  d e s i r a b l e  but  a r e  no t  included i n  
Tables 1 through 7. 
The values  of r i g h t  ascension (a) and d e c l i n a t i o n  (6) f o r  each 
t a r g e t  i n  Tables 1 through 7 a r e  based on the  equinox and 
equator of 1950, and on t h e  epoch of 1950. Correct ions  f o r  
proper motion a r e  not  required.  
The t a r g e t  s e l e c t e d  from Table 1 w i l l  be planned f o r  n igh t  
time observation.  It is d e s i r a b l e  t h a t  a l l  o the r  t a r g e t s  be  
planned f o r  n igh t  time observat ion,  except t h a t  i t  is  highly  
d e s i r a b l e  t h a t  one t a r g e t  l i s t e d  i n  Table 2 be observed i n  
day l igh t  and t h a t  t h e  d a t a  be used f o r  emperical s t u d i e s  of 
s u n l i g h t  observat ions  f o r  subsequent programs. 
The instrument l i n e  of s i g h t  dur ing experiment d a t a  c o l l e c t i o n  
s h a l l  provide a sun e leva t ion  angle  equal  t o  o r  g r e a t e r  than 
90 degrees. 
Table 1 - I n i t i a l  Raster Scan 
One t a r g e t  is t o  be s e l e c t e d  from t h e  following s t a r s  which a r e  l i s t e d  
i n  descending order of p r i o r i t y .  










h m s 17 18 56 
h m s  19 34 08 
h m s  19 56 29 
h m s  20 08 43 
h m s  19 03  36 
h m s 18 10 46 
h m s  22 00 44 
h m s 20 30 49 
Table 2 - Bright S t a r s  - P r i o r i t y  1 
It is  highly d e s i r a b l e  t h a t  two o r  t h r e e  b r i g h t  t a r g e t s  s e l e c t e d  from Table 
2 be used f o r  repeated observat ions  i n  order  t o  determine temporal var ia-  
t i o n s  of a p a r t i c ~ l a r  t a r g e t ,  o r  t o  determine degradation i n  instrument 
s e n s i t i v i t y  as a funct ion of mission time. The number of t a r g e t s  f o r  re-  





S t a r  
-
NGC 7293 22h27m 















S t a r  
A35 
NGC 246 












Table 3 - Plane ta ry  Nebulae - P r i o r i t y  2 
Table 4 - Red Giant  - r i o r i t y  3 
a 
- 
h m s  1 3  52 18 
h m s  15 41 48 
h m s  15 50 43 
h m s  16 23 1 6  
h m s  16 39 24 
h I,] 1 8  24 53' 
h m s  23 37 17 
h m  s 17 8 34 
h m s 15 0 1  08 



























S t a r  
-
YY E r i  
h m s 1 8  1 8  43 -2'54.8' 
h m s 19 22 59 3'0.8' 
h m s  16 4 1  11 39'1.0' 
h m s  19 52 5 1  6'16.8' 
h m s  2 1  36 0 -77'36.8' 
h m s 16 25 43 -78'47.3' 
h m s  2 1  1 2  48 37O49.9' 
Tab le  5 - Subgiants  and Dwarfs - P r i o r i t y  4 
Table  6 - P u l s a t i n g  White Dwarfs - P r i o r i t y  5 
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Data Requirements 
1) Premission Data: 
a )  Telemetry Data: 
Measurements l i s t e d  under 3 a ) .  
b) Ca l ib ra t ion  and Checkout Data: 
I n  accordance wi th  KSC checkout procedures E. 
2) Mission Data: 
a )  Telemetry Data: 
Measurements l i s t e d  under 3 a ) ,  a s  telemetered over ground 
s t a t i o n  o r  a s  recorded and played back over ground s t a t i o n  
a s  soon a s  poss ible .  
3) Postmission Evaluation Data: 
a) Telemetry Measurements : 
Measurement 
Number Descr ipt ion - S/S 
SL 9606 V EUV Telescope - DAC Regis ter  10 
SL 9607 C EUV Telescope - System Current 10 
SL 9608 K EUV Telescope - No. 1 Detector 10 
SL 9609 K EW Telescope - No. 2 Detector 10 
SL 9782 X EUV Telescope - Door P o s i t i o n  1 lo* 
SL 9783 X EUV Telescope - Door P o s i t i o n  2 lo* 
*Also a v a i l a b l e  a t  1 s/s on LBR. E i t h e r  HBR o r  LBR da ta  
a r e  acceptable.  
L) Telemetry Measurement Tapes: 
One copy of t apes  conta ining raw telemetry measurements as 
l i s t e d  i n  3 a ) ,  recorded and c o r r e l a t e d  wi th  GW (wi thin  
+0.5 second with  respec t  t o  t h e  PCM t i m e  tag)  during per iods  
- 
of experiment operatiou.  
c) Onboard Astronaut Voice Transcr ipt :  
d) Astronaut Debrief ings  : 
One copy each of as t ronau t s '  postmission s c i e n t i f i c  and 
photographic d e b r i e f i n g  t r a n s c r i p t .  
e)  Tra jec to ry  and Spec ia l  Data: 
A computer-compatible t ape  conta ining CSM ephermis d a t a  
t o  a 3 sigma accuracy of 3 km, experiment sensor po in t ing  
t o  an accuracy of 0.75 degree,  CSM a t t i t u d e  t o  an accuracy 
of 0.25 degree and time c o r r e l a t e d  t o  0.5 second. Zenith 
angle  and sun angle  t o  an accuracy of 2 degrees must be 
provided. I n  add i t ion ,  t h e  f i e l d  of view is d e s i r a b l e .  
EXTREME W SURVEY MA-083 
Background and !cs.tif i c a t i o n  
Spaceborne ins t rumenta t ion has  made poss ib le  astronomical  observat ions  
previously prevented by the  f a c t  t h a t  the  e a r t h ' s  atmosphere i s  opaque t o  
por t ions  of the  e lec t romagnet ic  spectrum. Many c e l e s t i a l  X-ray sources  
have been discovered,  and much progress  has been made toward a t h e o r e t i c a l  
understanding of t h e i r  behavior.  Furthermore, t h e  technology of observing 
i n  these  high-energy por t ions  of the  spectrum has .come well-developed and 
r e l i a b l e .  Yet one important  p o r t i o n  of the  high-energy spectrum has  been 
neglected by astronomers - t h e  extreme u l t r a v i o l e t  between roughly 50 and 
500 Angstroms. 
An e a r l y  i n t e r p r e t a t i o n  of t h e  complex na tu re  of t h e  i n t e r s t e l l a r  gas 
l ed  t o  the  f a l s e  conclusion t h a t  absorp t ion  by n e u t r a l  hydrogen would pre- 
vent  extreme u l t r a v i o l e t  l i g h t  from t r a v e l i n g  s u f f i c i e n t l y  f a r  through 
i n t e r s t e l l a r  space t o  be of much use  t o  astronomy. More r e c e n t  d a t a  
i n d i c a t e  t h a t  the  i n t e r s t e l l a r  gas  is  s u f f i c i e n t l y  inhomogeneous t o  permit  
extreme u l t r a v i o l e t  observat ions  of sources  up t o  s e v e r a l  hundred pa r secs  
away, i n  a t  l e a s t  some d i r e c t i o n s  -- and w i t h i n  such d i s t a n c e s  t h e r e  a r e  
s e v e r a l  m i l l i o n  s t a r s .  
Thus, t h e r e  e x i s t s  an outs tanding oppor tuni ty  t o  use  t h e  well-developed 
technology of X-ray and o p t i c a l  astronomy f o r  a ground-breaking survey of a 
wholly new f i e l d .  There a r e  many kinds  of o b j e c t s  whose c a l c u l a t e d  and ob- 
served behakior suggest  they might be  extreme u l t r a v i o l e t  sources.  These 
o b j e c t s  include c e r t a i n  b r i g h t  s t a r s ,  plar .&tary nebulae, red  g i a n t s ,  sub- 
g i a n t s ,  dwarfs, p u l s a t i n g  whi te  dwarfs,  and con tac t  b i n a r i e s .  There h a s  
been no previous sys temat ic  survey of any of these  o b j e c t s  i n  t h e  extreme 
u l t r a v i o l e t .  Experiment MA-083 w i l l  perform such a survey. 
The Apollo-Soyuz mission provides a good oppor tuni ty  t o  perform such 
a survey,  f o r  two reasons.  F i r s t ,  t h e  apparatus  r equ i red  f o r  extreme 
u l t r a v i o l e t  survey observat ions  is w i t h i n  the  s ta te-of- the-ar t  and does no t  
r e q u i r e  t h e  long development t i m e  c h a r a c t e r i s t i c  of many s a t e l l i t e  programs. 
This  experiment was thus  well-suited t o  t h e  s h o r t  time between t h e  d e c i s i o n  
t o  f l y  on ASTP and t h e  miss ion i t s e l f ,  and i t  is wel l -sui ted  t o  t h e  goa l  of 
getting high scientific return in a pioneering field at an early date. 
Second, the maneuvering and attitude-holding capabilities of the 
CSM are appropriate for an instrument which must be pointed steadily at 
specific targets. 
Previous Mission Experiments 
None 
EN-088 HELIUM GLOW 
Search f o r  helium l i n e  rad ia t ions .  
Purpose 
The purpose is t o  measure t h e  i n t e n s i t y  and s p a t i a l  d i s t r i b u t i o n  of 
the  i n t e r p l a n e t a r y  helium and in-flow v e l o c i t y  of t h e  i n t e r s t e l l a r  medium 
wi th in  the  s o l a r  system. 
The func t iona l  t e s t  o b j e c t i v e s  a r e  a s  follows: 
0 0 
FTO 1)  Measure h e l i u n  l i n e  r a d i a t i o n s  (A304 A and A584 A) over a s  
much of t h e  sky a s  poss ib le ,  
FTO 2) Inspec t  those  regions  where the  helium s p e c t r a l  l i n e s  a r e  
predic ted  t o  be s t r o n g e s t .  
FTO 3) Obtain information about t h e  shape of the  s p e c t r a l  l i n e s  
and t h e  motion of t h e i r  sources  by means of t h e  Doppler s h i f t  
caused by the  s p a c e c r a f t ' s  o r b i t a l  v e l o c i t y .  
Tes t  Conditions 
FTO 1) The instrument po in t ing  vec to r  must be known w i t h i n  f2 degrees.  
FTO 2) 
FTO 3) SPS opera t ion  and RCS t h r u s t e r s  A2, A4, B 1 ,  and B4 po in t ing  
towards t h e  SM Sec t ion  1 w i l l  b e  i n h i b i t e d  whenever t h e  exper i -  
ment door is open. 
The experiment door w i l l  be c losed p r i o r  t o  s p a c e c r a f t  ven t ing  
opera t ions ,  and w i l l  remain c losed  f o r  a period of 60 minutes 
a f t e r  any s p a c e c r a f t  dump. This c o n s t r a i n t  is no t  a p p l i c a b l e  
t o  vent ing assoc ia ted  wi th  Experiment MA-010 operat ion.  I n  
add i t ion ,  t h e  experiment door w i l l  b e  c losed dur ing  t h e  Experi- 
ment MA-048 purge and f o r  5 minutes t h e r e a f t e r .  
The instrument w i l l  not  b e  operated when t h e  experiment door 
is closed or f o r  a per iod of a t  l e a s t  10 seconds a f t e r  t h e  
door is opened. 
Due t o  thermal reasons ,  t h e  instrument w i l l  be  a c t i v a t e d  no 
l a t e r  than TBD seconds a f t e r  door is opened. 
The quick r o l l  minimum d a t a  f o r  FTO 2) w i l l  be  taken o u t s i d e  
t h e  South A t l a n t i c  Anomaly, def ined f o r  t h i s  experiment as 
t h e  a r e a  bounded by longi tude 10 degrees East  t o  60 degrees  
West and l a t i t u d e  20 degrees  South t o  55 degrees South. It 
is d e s i r a b l e  t h a t  a l l  t h e  d a t a  b e  taken o u t s i d e  t h e  South 
A t l a n t i c  Anomaly. 
Observations w i l l  be made only with loca l  zenith angles of 
80 degrees or  l e s s ,  I t  i s  desirable  tha t  observations be made 
with loca l  zenith angles of 70 degrees or less .  
Test Requirements 
FTO 1)  I n  the  random d r i f t  mode, the instrument w i l l  be turned ON 
a t  times when the operat ional  constraints  a r e  met, but with 
no requirement fo r  the Instruro.ent l i n e  of s igh t  t o  be i n  a 
spec i f i c  direction. 
The minimum data  consis t  of two hours of random d r i f t  mode 
operation during the e n t i r e  f l i g h t .  
It is  highly desirable  t h a t  the  instrument operate i n  the  
rando:, d r i f t  mode a t  a l l  other times during the f l i g h t  when 
the instrument i s  not being operated i n  the quick r o l l  mode, 
and when the operational cons t ra in ts  a r e  met. 
It is possible t h a t  the res idua l  atmosphere w i l l  damage the 
f i l t e r  by the process of erosion. Theref ore, i n  order t o  insure  
t ha t  the best  possible  data  a r e  obtained, the instrument w i l l  
not be operated i n  the random d r i f t  mode u n t i l  a f t e r  the  mini- 
mum requirements fo r  quick r o l l  data  (as i n  FTO 2) have been 
sa t i s f i ed .  In  addition, i t  is preferred t h a t  the highly deoir- 
ab le  quick r o l l  data  (as i n  PTO 2) be obtained p r io r  t o  obtain- 
ing any of the above highly des i rab le  random d r i f t  mode data. 
FTO 2) In  the quick r o l l  mode, the instrument w i l l  be operated while 
FTO 3)  the instrument's f i e l d  of view ie scanned along a spec i f ied  
grea t  c i rcu lar  a r c  of the c e l e s t i a l  sphere. 
It is highly des i rab le  t ha t  the  scan r a t e  be 2.0 degrees per 
second or  less .  
It i s  highly des i rab le  t h a t  the  ins-rument always point  within 
two degrees of the moving spot  on the  scan path which defines 
i ts  theore t ica l ly  exact pointing direct ion.  
The quick r o l l  maneuvers w i l l  be accomplished by r o l l i n g  the  
spacecraft  360 degrees about its X-axis with the  X-axis being 
located i n  nine d i f f e r en t  posi t ions i n  t he  plane normal t o  the  
earth-sun l i ne .  These nine posi t ions a r e  a s  follows: 
a)  The most important pos i t ion  of the X-axis is the one pc,r- 
pendicular t o  the e c l i p t i c .  While ro l l i ng  about the X-axis 
i n  t h i s  posi t ion,  the  iaetrument w i l l  thus scan i n  the 
ec l ip t i c .  
b) The second most important posi t ion of the X-axis is the  
one which i~ rotated 80 degrees clockwise from posi t ion a) 
described above, a s  viewed from the ear th  looking toward 
the  sun. 
c) The t h i r d  and four th  most important p o s i t i o n s  of t h e  X-axis, 
i n  e i t h e r  o rde r ,  a r e  t h e  two p o s i t i o n s  which a r e  r o t a t e d  
20 degrees clockwise and 160 degrees clockwise from p o s i t i o n  
a) described above, a s  viewed from t h e  e a r t h  looking toward 
the sun. 
d) The remaining f i v e  p o s i t i o n s  of the  X-axis a r e  of equal  
importance. These a r e  t h e  f i v e  p o s i t i o n s  which a t e  r o t a t e d  
40 degrees ,  60 degrees ,  100 degrees,  120 degrees and 140 
degrees clockwise from p o s i t i o n  a)  descr ibed above, as 
viewed from t h e  e a r t h  looking toward the  sun. 
The minimum d a t a  s e t  is def ined as  one complete sky survey mode 
with no redundant information,  a s  represented by a g r e a t  c i r c l e  
scan about each of t h e  n ine  axes perpendicular  t o  t h e  e a r t h - s m  
l i n e  a s  defined above. 
The da ta  provided by these  scans w i l l  be used t o  o b t a i n  i n f o r -  
mation r e l a t i v e  t o  t h e  shape of t h e  s p e c t r a l  l i n e s  and the ino- 
t i o n  of t h e i r  sources  by means of t h e  Doppler s h i f t  caused by 
the  s p a c e c r a f t ' s  o r b i t a l  ve loc i ty .  
I t  i s  h ighly  d e s i r a b l e  t h a t  two a d d i t i o n a l  d a t a  s e t s  be 
acquired.  
FTO 1) I t  i s  h ighly  d e s i r a b l e  t h a t  a d e t a i l e d  scan of one reg ion  of 
the sky, which is  most important  i n  t h a t  is con ta ins  maximum 
584 1 i n t e n s i t y ,  be made. This  region is  a s p h e r i c a l  r e c t a n g l e ,  
70' by 90' i n  e x t e n t ,  bounded by g rea t  c i r c u l a r  a r c s  drawn be- 
tween the  following four  p o i n t s  (given i n  e c l i p t i c  coordinates ,  
longitude f i r s t  , then l a t i t u d e )  : (30'. 30'). (30°, -40'). 
(120'. 30°), (120°, -40'). 
Desired coverage of t h i s  s p h e r i c a l  r e c t a n g l e  c o n s i s t  of scan- 
ning t h e  region a t  a  r a t e  not exceeding 2 degrees per  second 
(0.5 degree per second p r e f e r r e d ) .  The scans should proceed 
along approximately p a r a l l e l  t raci  .. spaced not more than 20 
degrees a p a r t  (10 degrees a p a r t  p re fe r red) .  O r i e n t a t i o n  of 
these ;cans i s  i m m t e r i a l .  
The s p h e r i c a l  r e c t a n g l e  coverage is t o  be i n  a d d i t i o n  t o  cover- 
age provided by t h e  a l l -sky survey which is a l ready p a r t  of t h e  
HGD observing program. 
A repea t  of the  s p h e r i c a l  r ec tang le  coverage, us ing scan t r a c k s  
perpendicular  t o  those  used i n  the  f i r s t  coverage, would be 
use fu l .  
FT0 1) It is highly desirable  t ha t  an extended survey of a 30' by 60' 
patch of the ear th ' s  shadow (ant i so la r )  region for  304 A data 
be made, This is the most important region fo r  i n t e r s t e l l g r  
ionized helium, s ince shyglow ob l i t e r a t e s  most of the 304 A 
emission i n  other regions. 
The an t i s c l a r  observations should be made a t  a r o l l  r a t e  nor 
exceeding 2 degrees per second (0.5 degrees per second pre- 
ferred) .  Maximum separat ion between scan tracks should be 10' 
(5' preferred).  Other d e t a i l s  of scan tracks a r e  i r re levant .  
Data Requirements 
1) Premission Data: 
a) Telemetry Measurements : 
Measurements l i s t e d  under 3 a)  
b) Cal ibrat ion and Checkout Data 
I n  accordance with KSC checkout procedures w. 
2) Mission Data: 
a )  Telemetry Measurements : 
Measurements l i s t e d  under 3 b )  a s  telemetered w e r  ground 
s t a t i o n s ,  or as recorded and played back wer ground 
s t a t i o n  a s  soon a s  possibie. 
3) Postmission Evaluation Data: 














Low Detector Tam. Presrure 
Low Detector Temp 
,ow Detector No. 1 Preerure 
Low Detector System Current 
Low Detector Fo. 2 P r e e w  .-? 
Low Detector No. 1 Rate 
.ow Detector No. 2 Rate 
.ow Detector No. 3 Rate 
Lou Detector No. 4 Rate 
iow FoLector Door Pos i t ion  1 
Low Detector Door Posi t ion 2 
*Also ava i lab le  a t  1 s/s on LBR. Either BBII or  LBR data 
a r e  acceptable. 
b) Telemetry Measrlrements Tapes: 
One copy of topes conta ining raw telemetry measurements a s  
l i s t e d  i n  3 a ) ,  recorded and c o r r e l a t e d  wi th  GMT (wi thin  
to. 5 second with  respec t  t o  t h e  PCM time tag) during per iods  
- 
of experiment operation.  
c )  Onboard Astronaut Voice Transcr ipt :  
None 
d) Astronaut 1:ehriefinge: 
One copy each of the  as t ronau te '  postmission s c i e n t i f i c  
and photographic debr ie f ing  t r a n s c r i n t .  
e )  Trajectory  and Spec la l  Data: 
A computer compatible tape containing CSM ephemeris d a t a  
t o  a 3 sigma accuracy of 3 km, experiment sensor point ing 
t o  an accuracy of 1.27 degrees,  CSM a t t i t u d e  t o  an accuracy 
of 0.25 degree F : I ~  time c o r r e l a t e d  t o  9.5 second. Zenith 
angle  and sun ang l s  t o  an  accuracy of 2 degrees must be 
provided. 
MA-088 HELIUM GLOW 
Backgromd and J u s t i f i c a t i o n  
The i n t e r s t e l l a r  gas is the  medium from which c e l e s t i a l  o b j e c t s  form 
and i n t o  which many of them d i s s i p a t e  t h e i r  c o n s t i t u e n t  elements when t h e i r  
l i v e s  a r e  ended. It is a l s o  the  medium through which t h e  r a d i a t i o n s ,  where- 
by we study these  o b j e c t s ,  must t r a v e l .  Clear ly ,  then, a  d e t a i l e d  knowledge 
of the  structi l-e and p r o p e r t i e s  of t h e  i n t e r s t e l l a r  gas  is  of v i t a l  import- 
ance t o  astronomers. Yet Stcause  t h e  gas is  extremely tenuous, and because 
i t  i s  sometimes d i f f i c u l t  t o  d i s t i n g u i s h  r a d i a t i o n s  emitteu by the  gas  from 
rad id t ions  emitted by o the r  c e l e s t i a l  o b j e c t s ,  i t  is  d i f f i c u l t  t o  determine 
even such b a s i c  parameters a s  gas  temperature and d e n s i t y  wi th  any c e r t a i n t y .  
Radiation which is  emitted by the  sun i n  i~ave leng ths  which do no t  r ead i -  
l y  p e n e t r s t e  the  i n t e r s t e l l a r  medium may be used t o  i n v e s t i g a t e  t h e  composi- 
t i o n  of the  i n t e r s t e l l a r  m = d i u ~ .  Thus the  i n t e r s t e l l a r  gas near  t h e  sun may 
be s tudied by the  r a d i a t i o n  i t  r e f l e c t s  back toward t h e  observer.  bince t h e  
gas is  not very t ransparent  t o  the  r a d i a t i o n ,  one is l e s s  o f t e n  confused by 
-,milar r a d i a t i o n  from more d i s t a n t  c e l e s t i a l  ob jec t s .  The s i t u a t ~ o n  is s i m i -  
l a r  t o  looking a t  dense fog by the  l i g h t  s c a t t e r e d  back from a  c a r ' s  headl ights .  
The nelium glow d e t e c t o r  of MA-088 w i l l  perform such a n  experiment, 
using u l t r a v i o l e t  l i g h t  a t  wavelengths of 584 and 304 Angstroms. A resonant 
fzequency of n e u t r a l  helium i s  584 Angstroms. A resonant  frequency of 
singly-ionized helium i s  304 Angstroms. VUtraviolet  l i g n t  produced by t h e  
sun w i l l  be scattered by these  two s t a t e s  o i  helium wherever they a r e  
present .  
The i n t e r s t e l l a r  medium is  not  t + e  only source  of helium i n  t h e  v i c i n i t y  
of t h e  s o l a r  system, The s d l a r  wind conta ins  helium, a s  does t h e  very 
tenuous ou te r  atmosphere of the  ea r th .  To d e r i v e  t h e  most d a t a  from t h e  
observat io3s ,  means must be p r o ~ i d e d  f o r  d i s t i n g u i s h i n g  among these  t h r e e  
sources of s c a t t e r e d  rad i  a t i o c .  
I n  t h e  c,l.se of t h e  584 Angstrom r a d i a t i o n ,  a complete s o l u t i o n  i s  a v a i l -  
ab le .  The helium i n  t h e  e a r t h ' s  o u t e r  atmosphere is known t o  be s u f f i c i e n t l y  
coo l ,  and w i l l  be moving a t  3 s u f f i c i e n t l y  low speed r e l a t i v e  t o  t h e  o r b i t -  
in;: spacec ra f t ,  t h a t  a  "gas f i l t e r "  , a  con ta ine r  of n e u t r a l  helium ' laced 
PREEDINC :AGE BLANK NOT 
i n  f r o n t  of rhe 584 Angstrom d e t e c t o r  w i l l  absorb a l l  of t h e  584 Angstrom 
r a d i a t i o n  s c a t t e r e d  by t h e  atmospheric helium, by resonant absorption.  
But the re  w i l l  be s u f f i c i e n t  r e i i t i v e  v e l o c i t y  between t h e  s p a c e c r a f t  and 
the  s o l a r  wind o r  i n t e r s t e l l a r  helium t h a t  s c a t t e r e d  r a d i a t i o n  from t h e s e  
l a t t e r  sources w i l l  be s u f f i c i e n t l y  doppler s h i f t e d  t o  avoid absorpt ion 
by t h e  gas f i l t e r .  Furthermore, t h e  d i s t r i b u t i o n  of s c a t t e r e d  r a d i a t i o n  
around t h e  c e L s t i a 1  sphere is ca lcu la ted  t o  be s u b s t a n t i a l l y  d i f f e r e n t  
f o r  s c a t t e r i n g  by the  s o l a r  wind than f o r  s c a t t e r i n g  by t h e  i n t e r s t e l l a r  
gas. Thus a series of observat ions  of d i f f e r e n t  p a r t s  of t h e  sky w i l l  
allow t h e  r e l a t i v e  s t r e n g t h  of these  two sources  t o  be  determined. 
A t  304 Angstroms t h e  s i t u a t i o n  is l e s s  simple,  f o r  t h e r e  is no way 
t o  make a gas f i l t e r  using ionized helium. Hence the re  is  no way t o  avoid 
seeing 304 Angstrom r a d i a t i o n  s c a t t e r e d  by t h e  e a r t h ' s  atmospheric helium 
(except perhaps by looking s t r a i g h t  down t h e  e a r t h ' s  shadow, d i r e c t l y  away 
from the  sun). Nonetheless, 334 Angstrom d a t a  c o r r e l a t e d  wi th  584 Angstrom 
da ta  w i l l  provide valuable  a d d i t i o n a l  information.  
The ASTP provides an exce l l en t  oppor tuni ty  f o r  t h i s  experiment, f o r  
severa l  reasons. F i r s t ,  t h e  s p a c e c r a f t ' s  maneuvering and po in t ing  capa- 
b i l i t i e s  allow t h e  experiment t o  c o l l e c t  a l a r g e  amount of d a t a ,  from widely 
separated p a r t s  of t h e  sky, i n  a s h o r t  t i m e .  Such rap id  d a t a  c o l l e c t i o n  is 
important both because t h e  changing p o s i t i o n  of t h e  e a r t h  i n  its o r b i t  
changes t h e  observed p a t t e r n  of s c a t t e r e d  r a d i a t i o n  and thereby complicates 
da ta  reduct ion,  and because t h e  experiment requ i res  a consumbie ,  i.e., 
helium, f o r  gas f i l t e r s .  
Second, t h e  doppler s h i f t  provided by t h e  s p a c e c r a f t ' s  mot4.0n i n  o r b i t  
s l i g h t l y  v a r i e s  the  p o s i t i o n  i n  t h e  spectrum of t h e  gas f i l t e r ' s  absorp- 
t i o n ,  and allows information t o  be gathered which could no t  be obtained 
with a sounding rocket.  
Third, ina;much a s  MA-088 uses  s ta te-of- the-ar t  technology, t h e  ASTP 
launch ..?portunity al lows a quick r e t u r n  of s c i e n t i f i c  d a t a  which could 
not be rea l i zed  i f  t h e  experiment were i n  t h e  pore  common s i t u a t i o n  of 
wai t ing f o r  a spacecra f t  paced by long-development items. 
Previous Mission Experiments 
None 
DOPPLER TRACKING 
Detect and record r e l a t i v e  accelera- 
t i ons  between co-orbiting spacecraf t .  
Purpose 
The primary purpose is  t o  map earch gravi ty  f i e l d  anoml i e s  of magni- 
tude lod5 g and larger .  The secondary purpose is t o  inves t iga te  t he  
f e a s i b i l i t y  of constructing v e r t i c a l  ionospheric p ro f i l e s  by inversion 
of spacecraft-to-spacecraft b- I-frequency rad io  r e f r a c t i v i t y  data.  
The funct ional  test object ive is: 
FTO 1) Collect CSM-to-DM doppler data  i n  ear th  o rb i t .  
Test Conditions 
FTO 1) Tkc MA-089 t ransmit ter  and receiver  w i l l  be turned t o  WARMUP 
a t  l e a s t  50 hours p r io r  t o  DM je t t i son .  The receiver  w i l l  be 
turned t o  OPERATE within four t o  f i v e  hours p r io r  t o  DM 
j e t t i son .  The t ransmit ter  w i l l  be turned t o  OPERATE a t  l e a s t  
one hour p r io r  t o  DM j e t t i s o n  and a s  c lose  a s  f ea s ib l e  t o  t ha t  
t i m e .  It is  highly des i rab le  t h a t  tile t ransmi t te r  and receiver  
remain i n  the  OPERATE mode throughout t he  e n t i r e  MA-089 da ta  
co l l ec t i on  period. 
The bM Tunnel 1, between the  CSM and DM, must be vented t o  
0 p s i  p r io r  t o  DM j e t t i son .  
The DM w i l l  be je t t isoned such tha t  i t  w i l l  r o t a t e  about an 
ax i s  p a r a l l e l  t o  the  longi tudinal  ax i s  of the  MA-089 trans- 
mitter antenna and perpendicular t o  the  o r b i t a l  plane. The 
coning angle about the  ax i s  of ro t a t i on  s h a l l  be no more than 
10 degrees. The DM ro t a t i on  r a t e  w i l l  be 5 degrees per second. 
Within th ree  o r b i t s  a f t e r  DM j e t t i son ,  the CSM w i l l  complete 
the  maneuvers necessary t o  place it 500 5 5 0  laa behind and i n  
the  same o r b i t  a s  the  CM. 
MA-089 frame count information w i l l  be transmitted from the  
CSM once every 730 seconds fo r  approximately 6 seconds a s  
telemetry measurement SI. 9659 X. This  MA-089 frame count in- 
formation must be recorded by the  STDN i n  r e a l  time high b i t  
r a t e  a t  l e a s t  once a f t e r  the MA-089 t ransmit ter  and receiver  
a r e  turned t o  OPERATE. I f  t he  receiver  is turned OFF and then 
back t o  OPERATE, measurement SL 9659 X must again be recorded 
by STDN. 
Non-gravitat ional  con t r ibu t ion  t o  t h e  experimeut d a t a  must be 
ninimized. A l l  a c t i v i t i e s  t h a t  impart t r a n s l a t i o n  t o  t h e  
spacecra f t  wil!. be  i n h i b i t e d  dur ing t h e  experiment t o  include 
dumps, vent ing opera t ions ,  SPS burns and uncoupled RCS t h r u s t e r  
f i r i n g s .  I t  is  h igh ly  d e s i r a b l e  t h a t  the  doppler d a t a  be 
c o l l e c t e d  during crew r e s t  pe r iods  i n  order  t o  minimize t h e  
e f f e c t s  of any crew motion. 
I n  o rde r  t o  avoid ground r e f l e c t i o n s  dur ing t h e  d a t a  c o l l e c t i o c  
period,  t h e  CSM doppler antenna a x i s  w i l l  be pointed 25 degrees 
v e r t i c a l l y  above t h t  CSM-to-DM l i n e  of s i g h t  wi th  t h e  CSM i n  
an a t t i t u d e  hold deadband of 5 degrees. [Note: These require-  
n e n t s  assume t h a t  t h e  antenna w i l l  have a c i r c u l a r l y  symmetric 
p a t t e r n  wi th  a 60-degree half-power beam width. Therefore,  
t h e  po in t ing  requirements w i l l  change i f  the  measured antenna 
p a t t e r n  is d i f f e r e n t  than t h e  assumed pa t t e rn . ]  
The FDA1 r a t e  s c a l e  w i l l  be i n  the  one degree per  second 
f u l l  s c a l e  p o s i t i o n  dur ing d a t a  c o l l e c t i o n  periods.  
TES t Reauirements 
FTO 1 )  Af ter t h e  DM is j e t t i s o n e d ,  b u t  preceding t h e  s e p a r a t i o n  
maneuver, t h e  CSM r a t e  of r o l l ,  p i t c h  and yaw w i l l  be  
damped a s  much as p r a c t i c a l  t o  permit  t h e  DEI r a t e  of r o t a t i o n  
t o  be  determined from motion p i c t u r e  photography d a t a .  A 
bracket-mounted DAC w i l l  p h t c g r a p h  t h e  DM through t h e  r i g h t  
hand rendezvous window f o r  a minimum of two complete DM ro ta -  
t i o n s .  The DAC w i l l  be  operated a t  two frames per second, 
us ing an 18-mm l e n s  and c o l o r  e x t e r i o r  f i lm. 
During a minimum of s i x  o r b i t s ,  doppler d a t a  w i l l  be  recorded 
on t h e  MA-089 recorder  a t  a nominal s e p a r a t i o n  of 500 km. 
Doppler d a t a  a r e  h igh ly  d e s i r a b l e  from the  t ime of i n i t i a l  
CSM/DM s2para t ion  u n t i l  t h e  nominal s e p a r a t i o n  oE 500 km is  
achieved. Doppler d a t a  a r e  a l s o  highly  d e s i r a b l e  f o r  a s  many 
a d d i t i o n a l  o r b i t s  a t  a s e p a r a t i o n  of 500 km a s  t h e  t r a n s m i t t e r  
b a t t e r y  w i l l  allow. [Note: The t r a n s m i t t e r  b a t t e r y  l i f e  i s  
expecteu t o  be  approximately 24 hours  a f t e r  t h e  t r a n s m i t t e r  
i s  turned t o  OPERATE. ] 
1 )  Premission Data: 
a )  Telemetry Measurements : 
Measurement 
Number Descr ip t ion 
- 
SL 9658 X Doppler Tracking-R , ~ e i v e r  Lock 10 
SL 9659 X Doppler Tracking-Frame Count 10 
b)  Ca l ib ra t ion  and Checkout Data: 
I n  accardance with KSC procedures TBD. 
-
2) Mission Data: 
a )  Telemetry Measurement: 
Measurement 
Number Descr ipt ion 
SL 9658 X Doppler Tracking-Receiver Lock 10 
b) CSM s t a t e  vec to r  updates w i l l  be te le typed t o  SAO, 
Cambridge approximately twice per day beginning 4 days 
p r i o r  t o  MA-089 experiment operat ion and ending wi th  t h e  
l a s t  update generated on t h e  f i n a l  day of t h e  mission. 
S t a t e  vector  updates w i i l  a l s o  be te le typed t o  SAO, 
Cambridge a f t e r  each maneuver appreciably changing t h e  
CSN ephemeris dur in4 t h i s  t i m e  period. 
3 )  Fostmission Data: 
a) Telemetry Measurements : 
The following measurements, except f o r  CG 0901 V and 
CK 1040 X, a r e  requ i red  only f o r  those  per iods  when . 
.ITS-6 and/or STDN coverage a r e  a v a i l a b l e  t o  record high 
b i t  r a t e  telemetry d a t a ,  and do no t  r e q u i r e  recording 
on t h e  d a t a  recorder  reproducer (DRR). It is  highly  
d e s i r a b l e  t h a t  measurement CG 0001 V a l s o  be recorded on 
t h e  DRR a t  low b i t  r a t e  whenever ATS-6 and/or STDN cover- 
age is  n o t  d v a i h b l e ,  and t h a t  t h e  CG 0001 V da ta  be  
dumped t o  STDN t o  provide spacecra f t  a t t i t u d e  da ta .  
Mcasrirement CIC 1040 X i s  requ i red  f o r  t h e  period of 
photographing t h e  two r o t a t i o n s  of t h e  DM, a s  descr ibed 
under Tes t  Conditions. 
Me~lsurement 
Number 
CG 0001 V 
CH 3503 R 
CH 3504 P. 
CH 3505 R 
CH 3546 X 
CH 3547 X 
CH 3548 X 
CH 3549 X 
CH 3550 X 
Descr ipt ion 
Computer D i g i t a l  Data 40 E i t s  
FDAI SCS Body Rate P i t c h  
FDAI SCS Body Rate Yaw 
FDAI SCS Body Rate Rol l  
RCS Solenoid Act ivate  C3 /13/+X 
RCS Solenoid Act ivate  A4/14/+~ 
RCS Solenoid Act ivate  A3/23/-x 
RCS Solenoid Act ivate  C4/24/-x 
RCS Solenoid Act ivate  ~3 /25 /+X 
Measurement 
Number 
CH 3551 X 
CH 3552 X 
CH 3553 X 
CH 3554 X 
CH 3555 X 
CH 3556 X 
CH 3557 X 
CH 3558 X 
CH 3559 X 
CH 3560 X 
CH 3561 X 
CK 1040 X 
:L 9658 X 
SL 9659 X 
Description 
RCS Solenoid Activate ~4/26/+~ 
RCS Solenoid Activate ~31151-x 
RCS Solenoid Acsivate ~41161-x 
RCS Solenoid Activate E1/11/+~ 
RCS Solenoid Activate D2/22/+2 
RCS Solenoid Activate ~1/21/-z 
RCS Solenoid Activate ~21121-z 
RCS Solenoid Activate Al/+Y 
RCS Solenoid Activate C2/+Y 
RCS Solenoid Activate C1/-Y 
RCS Solenoid Activate A2/-Y 
16 mm Data Acq Camera Shutter Open 
Doppler Tracking Receiver Lock 
Eoppler Tracking Frame Count 
Telemetry Measurement Tapes: 
One copy of tapes containing telemetry measurements as 
listed in 3 a), recorded and correlated with GMT during 
periods of experiment operation, except that the CG 0001 V 
data will be in the form of decoded CMC words on a com- 
puter compatible tape. The data for measurements SL 9658 X 
and SL 9659 X will be raw ciata. 
Onboard Astronaut Voice Transcript for the period from 
MA-089 receiver turned to OPERATE until the receiver is 
turned to OFF for the final time. 
Astronaut Debriefings: 
One copy of astronauts' postmission scientific and photo- 
graphic: debriefing transcript. 
Trajectory and Special Data: 
(1) A computer-compatible tape containing CSM ephemeris 
data to a 3-sigma accuracy of 3 km. 
(2) A computer-compatible tape containing refined \ 3 M  
ephemeris data to a 3-sigma aczuracy of 600 m and 
attitude data to an accuracy TBD time correlated to 
<SO msec. Camera timing pulses, RCS firing history, 
SL 9658 X, SL 9659 X, and Kepler orbit elements at 
l/min will be provided. [Note: Smithsonian to 
derive CSM rate and acceleration data.] 
(3)  Time-correlated DM position and att i tude data ( to  be 
obtained by the PI from the TRANET s a t e l l i t e  tracking 
system and the SAO Baker-Nunn network). 
f )  Tape recordings from the Experiment MA-089 recorder unit.  
g) Approximately 15 f e e t  of DAC photographs of the DM to in- 
clude a minimum of approxinately two CM rotations. 
MA-0 89 DOPPLER TRACKING 
Bac1;ground and J u s  t i £  i c a t i o n  
I n  recen t  years  g r e a t  i n t e r e s t  has focused on considerat ion of mass 
dens i ty  anomalies i n  t h e  e a r t h ' s  asthenosphere wi th  s c a l e  s i z e s  of 100 
t o  700 h.. Study of such anomalies is expected t o  con t r ibu te  g r e a t l y  t o  
the  knowledge of t h e  physics of t h e  mantle and of p l a t e  t e c t o n i c s ,  which 
i n  t u r n  i s  expected t o  be h e l p f u l  i n  recons t ruc t ing  important a s p e c t s  of 
e a r t h ' s  evolut ion such a s  c o n t i n e n t a l  d r i f t .  The e a r t h ' s  mass d i s t r i b u t i o n  
cannot be uniquely determined from s t u d i e s  of i t s  g r a v i t a t i o n a l  f i e l d ,  but  
such s t u d i e s  a r e  very u s e f u l  i n  providing c o n s t r a i n t s  t o  t h e  d i s t r i b u t i o n s  
which a r e  incorporated i n t o  g loba l  models. 
The d e t a i l e d  s t r u c t u r e  of t h e  e a r t h  near t h e  s u r f a c e  has  been s tud ied  
f o r  many years  by s u r f a c e  gravimetry i n v e s t i g a t i o n s  of g r a v i t a t i o n a l  
anomalies. However, s u r f a c e  g r a v i m e t ~ y  techniques a r e  adequate only f o r  
s t u d i e s  of anomalies of s c a l e  s i z e  up t o  t ens  of k i lometers ,  due t o  p r a c t i c a l  
l i m i t a t i o n s  of deploying u n i f o r d y  c a l i b r a t e d  and uniformly operated i n s t r u -  
mentation over l a r g e  regions  i n  s h o r t  per iods  of t i m e .  Large s c a l e  
a n m a l i e s  with s i z e s  g r e a t e r  than approximately 3000 km have been i n v e s t i -  
gated during t h e  p a s t  two decades by s t u d i e s  of g r a v i t a t i o n a l l y  induced 
per tu rba t ions  of t h e  o r b i t s  of a r t i f i c i a l  s a t e l l i t e s .  Yhis tec.hnique i s  
app l icab le  only t o  t h e  l a r g e r  s c a l e  anomalies pr imarf ly  because t h e  perturba- 
t i o n s  must be e x t r a c t e d  from d a t a  i n t e g r a t e d  over s i z e a b l e  por t ions  of the  
o r b i t s .  Thus, a new technique is required t o  measure g r a v i t a t i o n a l  
anomalies i n  t h e  range of i n t e r e s t ,  100 t o  700 km. 
An experimental  technique which is expected t o  be  s e n s i t i v e  t o  g rav i ta -  
t i o n a l  anomalies with s c a l e  s i z e s  of 100 t o  1000 km i s  doppler measurement 
of t h e  g r a v i t a t i o n a l l y  ineuced smal l  a c c e l e r a t i o n s  between two s u i t a b l y  
separated a r t i f i c i a l  s a t e l l i t e s  t r a v e l i n g  i n  t h e  same o r  near ly  same o r b i t s .  
The cur ren t  s t a t e  of technology f o r  VHF o s c i l l a t o r  frequency s t a b i l i t y  is 
approximately one p a r t  i n  1012 f o r  n time per iod of 100 seconds, which is 
s u f f i c i e n t  f o r  range-rate determinations of r e l a t i v e  speeds between veh ic les  
t o  wi thin  112 rn per second. Gravity anomalies w i l l  pe r tu rb  s a t e l l i t e  
motions t o  a t  l e a s t  t h a t  ex ten t  i f  t h e  s a t e l l i t e  o r b i t a l  a l t i t u d e  is  riot 
g r e a t e r  than t h e  s c a l e  s i z e  of t h e  anomaly. Doppler measurements between 
4-83 
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two vehicles  can thus be used t o  measure anomalies l a rge r  than the o r b i t a l  
a l t i t u d e ,  provided a l s o  t ha t  t he  vehicle  separat ion is  comparable t o  the 
l a rges t  anomaly t o  be measured. 
The ASTP mission provides a unique opportunity t o  demonstrate the  
f e a s i b i l i t y  of global  mapping of ea r th ' s  gravi ty  anomalies l a rge r  than 
200 km. A su i tab ly  s t a b l e  VHF receiver  w i l l  be located i n  the CSM and an 
appropriate t ransmit ter  mounted on the  DM. Nine hours of continuous opera- 
- .  
t i on  w i l l  be s u f f i c i e n t  t o  demonstrate f e a s i b i l i t y  of the  technique f o r  
appl icat ion t o  subsequent s a t e l l i t e s ,  and 24 hours of continuous operation 
would provide s u f f i c i e n t  mapping to  incorporate t he  r e s u l t s  i n t o  global  
models. 
Ionospheric re f rac t ion  to  the  VHF transmission is  expected t o  be 
s ign i f ican t .  The r e f r ac t i on  e f f e c t s  can be measured by employing two- 
frequency transmission, and t h e i r  inves t iga t ion  w i l l  provide bottomside 
ionosphere mapping on a global  scale .  




Obtain da ta  on the  v i s u a l  l i g h t  f l a sh  
phenomenon. 
Purpose 
The purpose i s  t o  observe quant i ta t ive ly  the character  and frequency 
of v i s i b l e  phenomena caused by the  passage of ionizing p a r t i c l e s  through 
the  v i sua l  apparatus of human observers i n  ea r th  o r b i t .  
The funct ional  t e s t  object ive is: 
FTO 1) Measure the f l ux  of ionizing p a r t i c l e s  t ha t  have energy losses  
1 2  grea te r  than 15 Mev gm' cm and determine the  frequency and 
character of v i s u a l  events perceived by two observers. 
Test Conditions 
FTO 1) Flux measurements w i l l  be made during two orb i t s :  one while 
the astronauts  a r e  observing fo r  l i g h t  f lashes ,  and one with- 
out as t ronaut  pa r t i c ipa t ion  but with the equipment deployed 
i n  approximately the same locat ions a s  during the astronaut  
par t ic ipa t ion  period. 
During the manned port ion of the experiment, two astronauts  
w i l l  don the l igh t - t igh t  masks f o r  a period of approximately 
110 minutes. The f i r s t  period of approximately 20 minutes 
w i l l  be for  dark-adaptation measurements. The remaining 
period of approximately 90 minutes w i l l  be f o r  l i g h t  f l a s h  
observations. The t h i r d  ast ronaut  w i l l  operate the  MA-106 
equipment and record verbal  comments from the  two astronauts  
wearing the masks. 
During the  manned port ion of the experiment, i t  is  highly 
des i rab le  t ha t  the  spacecraf t  i n t e r n a l  l igh t ing  be reduced 
t o  the minimum l eve l  required by the  t h i rd  ast ronaut .  
The manned port ion of the  experiment may occur e i t h e r  before 
o r  a f t e r  the unmanned portion. 
There is no requirement fo r  the  manned and unmanned data-taking 
periods t o  occur on successive orb i t s .  
The ground t rack w i l l  include passage through the  South At lan t ic  
Anomaly (SAA) fo r  a t  l e a s t  f i v e  minutes once during each of the 
two 90-minute periods. The five-minute time perioda within the  
SAA must occur within the  area from 15 degrees South l a t i t u d e  
t o  45 degrees South l a t i t u d e  and from 50 degrees W e s t  longitude 
. A  
t o  15 degrees West longitude. 
). 
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The manned por t ion  of t h e  experiment w i l l  be conducted wi th  
t h e  two observing as t ronau t s  i n  t h e  ou t s ide  couches. The i r  
heads w i l l  be i n  t h e  normal p o s i t i o n  such t h a t  t h e i r  eyes 
a r e  pointed i n  t h e  general  d i r e c t i o n  of t h e  +X ax i s .  During 
the  e n t i r e  90-minute manned period of d a t a  recording,  t h e  
angle between t h e  as t ronau t s '  l i n e  of s i g h t  and t h e  zen i th  
w i l l  remain constant wi th in  5 degrees. I n  add i t ion ,  when i n  
t h e  SAA, the  l i n e  of s i g h t  of t h e  p a r t i c i p a t i n g  a s t r o n a u t s  
w i l l  be approximately p a r a l l e l  t o  t h e  magnetic l i n e s  of f o r c e  
and i n  a d i r e c t i o n  away from t h e  ea r th .  To implement t h e  
a t t i t u d e  requirement f o r  t h e  per iod while i n  t h e  SAA, t h e  CSM 
w i l l  be i n  a re t rograde  p o s i t i o n  wi th  t h e  -Z a x i s  60 degrees 
from t h e  zen i th ,  t h e  +X a x i s  30 degrees from the  z e n i t h ,  and 
t h e  XZ plane r o t a t e d  35 degrees from t h e  o r b i t a l  plane such 
t h a t  the  +X a x i s  is  r o t a t e d  toward t h e  North. 
The spacecra f t  a t t i t u d e  during t h e  e n t i r e  90-minute unmanned 
por t ion  of the  experiment has  t h e  same minimum requirement a s  
t h e  manned por t ion  of t h e  experiment whi le  ou t s ide  of t h e  SAA. 
CSM a t t i t u d e  c o n t r o l  w i l l  n o t  be required during t h e  20-minute 
dark adap ta t ion  period.  
Passages through t h e  S U  f o r  both the  manned and unmanned por t ions  
of t h i s  experiment w i l l  be descending passes ( i .e . ,  from north- 
west t o  southeast )  i n  o rder  t o  provide d a t a  a t  t h e  maximum 
a v a i l a b l e  geomagnetic l a t i t u d e  as  w e l l  a s  SAA da ta .  
Test  Requirements 
FTO 1) Data w i l l  be recorded on t h e  MA-106 t a p e  recorder  f o r  one 
continuous o r b i t  without t h e  l i g h t - t i g h t  masks being worn 
by two as t ronau t s  . 
Data w i l l  be  recorded an  t h e  MA-106 tape  recorder  f o r  a con- 
t inuous period of approximately 110 minutes wi th  t h e  l i g h t -  
t i g h t  masks being worn by two as t ronau t s .  Verbal comments 
from these  same two a s t r o n a u t s  w i l l  be  recorded i n  a log  book 
by t h e  t h i r d  as t ronau t  during t h i s  110-minute period.  
Data Requirements 
1) Premission Data: 
None 
2) Mission Data: 
None 
3) Postmiasion Evaluation Data: 
a )  Telemetry Measurements : 
Measurement 
Number 
- Descr ipt ion 
C J  0060 J* Astro  1 EKG AX 1 LH Couch 
C J  0061 J* Astro 2 EKG AX 1 C t r  Couch 
C J  0062 J* Astro 3 EKG AX 1 RH Couch 
C J  0200 R* Astro 1 Resp Rate LH Couch 
C J  0201 R* Astro 2 Resp Rate C t r  Couch 
CJ 0202 R* k s t r o  3 Resp Rate RH Couch 
*Measurements a r e  required only f o r  t h e  two p a r t i c i p a t i n g  
as t ronau t s  on a h igh ly  d e s i r a b l e  b a s i s  only. Thus i f  
the  two p a r t i c i p a t i n g  as t ronau t s  use the  cen te r  and r i g h t  
hand couches, then measurements C J  0060 J and C J  C200 R 
a r e  not  required.  Data a r e  t o  be provided on a s t r i p  
char t  a t  n c h a r t  speed of T&. 
b) Telemetry Measurement Tapes : 
None 
c) Onboard Astronaut Voice Transcr ipt :  
d) Astronaut Debrief ings: 
One copy of t h e  a s t r m .  ' 7tmission s c i e n t i f i c  debr ief-  
ing  t r n n s c r i p t .  
e )  Trajectory  : 
One tab  l i s t i n g  of spacecrb: . ?.-is and a t t i t u d e  d a t a  
only when ground s t a t i o n  cc: .,e !s ,v:ailable f o r  t h e  two 
90-minute t e s t  per iods .  
f )  One copy cif t h e  MA-106 onboard tape recorder  data .  
g) One copy of 3 e  log book conta ining t h e  time of experiment 
i n i t i a t i o n  and t h e  c h a r a c t e r i s t i c s  and time of occurrence 
of t h e  observed f l a s h e s  f o r  t h e  110-minute manned por t ion  
of t h e  experiment. 
h) rhe two l i g h t - t i g h t  nasb 
i )  The d e t e c t o r  packages 
MA-106 LIGHT FLASH 
Background and J u s t i f i c a t i o n  
I n  addi t ion t o  providing fandamenral data  i n  he study of sensorv phe- 
nomena, t h i s  experiment should furn ish  p rac t i ca l  information concerning the 
possible  nrrr t?  af ionizing p a r t j c l e s  on long term space f l i g h t .  
I t  was origi&..' ly  thought t ha t  +.he rad ia t ion  dose from in te rac t ion  of 
cosmic pa r t i c l e s  with epacr t r ave l e r s  was of l i t t l e  s ign i f icance  beceuse 
the inkegrated dose o v t r  the whole body from protons t o  very heavy p a r t i c l e s  
is  only a f r ac t i on  of a rad fo r  an t ic ipa ted  space exped i~ ions ,  Recent 
s tud ies ,  however, i r ~ d i c ~ t e  ha t  the energy deposited from a s ing l e  p a r t i c l e  
passing through or near a c e l l  nucleus might be s u f f i c i e n t  t o  k i l l  the  c e l l ,  
2 par t icu la r ly  i f  the l i n e a r  energy t r ans fe r  is grea te r  than 1000 Mev gm-I cm . 
Tne importance of these s tud i e s  was emphasized by the  l i g h t  f l a sh  
phenOmena observed during the Apollo 11 and subsequent lunar  missions and 
during the Skylab missions. The d i sc r e t e  s t a r - l i ke  f lashes  and xtrsaks,  
occurring a s  o f t en  a s  two per minute when the astronauts  were i n  darkness, 
* re  mcst l i ke ly  due t o  ionizing p a r t i c l e s  fro& ~ a l a c t i c  c o s d c  rpvs i n t e r -  
act ing wi2h the human re t ina .  Experiments using the  cyclotron and Bevatron 
a t  the  University of Cal i fornia  a t  Berkeley have prodaced pheuomena i n  
human subjects  which a r e  s imi la r  i n  a l l  respects  t o  those reported by the 
astronauts.  
Thst ionizing p a r t i c l e s  o f f e r  a po t en t i a l  hazard fo r  lofig-term space 
f l i g h t  is emphasized by the  r ea r i za t l on  t h a t  on a three-year mission, i t  is 
estimated 'hat between two per cent and ten per ceqt  of the body w i l l  be 
s t ruck  by atomic nuclei  of carbon, nitrogen, oxygen, and heavier elemente. 
- .  During one day, 160 i ron  nuclei  transverst: each square centiaete-• . . '  .' 
body. These p a r t i c l e s  a r e  present a l so  during port ions of cart:, .. . . 
This experiment ts designed t o  determine the  frequency of . . . 
t ha t  have sufficir .nt  energy t o  el ici t  a l i g h t  f l a sh  perception r ,?v 
-1 2 
gm cm ). The mechanism employed is t o  use l igh t - t igh t  masks which con- 
t a i n  detectors  -0 measure i o n i z i  :: pa r t i cu l a t e  rad ia t ion ,  and l i g h t  sources 
t o  check observers eff ic iency.  
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The charac te r  and e f f i c i e n c y  of perceptior. of t h e s e  p a r t i c l e s  a t  zero 
g r a v i t y ,  and the  v a r i a t i o n  of frequency of occurrence wi th  e a r t h ' s  magnetic 
sh ie ld ing ,  w i l l  b~ observed. Also t o  be c l o s e l y  monitored a r e  the  frequency 
and character  of f l a s i ~ e s  during pssssge  throufh t h e  South A t l a n t i c  Anomaly. 
These q u a n t i t a t i v e  observat ions  w i l l  add t o  t h e  knowledge necessary t o  
determine r a d i a t i o n  p r o t e c t i o n  on long-term o r b i t a l  and ir. ,ezplanetdry 
missicns.  Because of a c c e l e r a t o r  l i m i t a t i o n s ,  ground-based expeziments 
have not included t e s t s  wi th  some of t h e  high atomic number particles a t  
ve : i t i e s  t h a t  a r e  expected t o  be encountered by t h e  as t ronau t s .  
Epecial  Tes t  
Obj e c r i v e  Number - T i t l e  Minsion 
20.31 Visual  Light Flash  Piiencrmenon Skylab SL-4 
Operational  Test  
Object ive  Number 
Visual  Light Flash  Phencmenx 
7!5sual Light Flash  Phenomenon 




MA- 10 7 BIOSTACK 
I n v e s t i g a t e  t h e  b i o l o g i c a l  e f f e c t s  of 
cosmic r a d i a t i o n  on s e l e c t e d  mate r ia l s .  
Purpose 
The purpose i s  t o  i n v e s t i g a t e  the  b i o l o g i c a l  e f f e c t s  of ind iv idua l  
heavy ions  (multicharged) of cosmic r a d i a t i o n  on s e l e c t e d  b i o l o g i c a l  
mate r ia l s .  
The func t iona l  t e s t  ob jec t ive  is :  
FTO 1) Energize t h e  l igh t -ac t iva ted  r a d i a t i o n  d e t e c t o r s  f o r  a  
period of approximately 48 hours. 
Test  Conditions 
FTO 1) The Biostack con ta iners  w i l l  be stowed i n  an a r e a  of t h e  CM 
where t h e r e  is minimal sh ie ld ing  t o  ambient cosmic r a d i a t i o n .  
They w i l l  be maintained i n  t h e  same loca t ion  and o r i e n t a t i o n  
during f l i g h t .  
The AgCl r a d i a t i o n  d e t e c t o r s  w i l l  b s  energized only while the  
CSM i s  docked wi th  t h e  DM; however, the  AgCl r a d i a t i o n  detec- 
t o r s  w i l l  not  be energized whi le  the  CSM/DM is docked wi th  
t h e  Soyuz. 
Test  Requirements 
FTO 1)  The l i g h t s  which energize  the  AgCl r a d i a t i o n  d e t e c t o r s  i n  t h e  
a c t i v e  u n i t  w i l l  be energized f o r  a per iod of approximately 
48 hours. A minimum of 12 hours of t h e  t o t a l  of 48 hours w i l l  
occur p r i o r  t o  CSM/DM docking with t h e  Soyuz. 
The crew w i l l  record ar t ransmit  by vo ice  t h e  following i tems: 
Tine (GET) of switching the  d e t e c t o r s  ON and OFF. 
S ta tus  of the  i n d i c a t o r  l i g h t  ( i . e . ,  ON o r  OFF) a t  time of 
turning t h e  d e t e c t o r s  OnT and OFF and a l s o  a t  approximately 
40 and 44 hours of experinlent operat ing time. 
Data Requirements 
1) Premission Data: 
None 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
a) Telemetry Measurements: 
Two copies of the following measurements are required in 
the thrift format (microfiche). A t  least one sample of 
temperature data are required for every one hour of 
experiment operation : 
Measurement 
Number Description - S/s 
Temp Cabin 1 
b) Telemetry Measurement Tapes: 
None 
c )  Astronaut log or voice record of experiment ON and OFF 
time and indicator light status as defined in the Test 
Requirements. 
d) Astronaut Debriefing: 
One copy of astronauts' postmission medical debriefing. 
e) Biostack Containers 
f )  Trajectory and Special Data: 
A computer-compatible tape containing CSM ephemeris data, 
in B&L. coordinates, to a 3 sigma accuracy of 3 km, and 
time correlated CSM attitude data. 
MA-107 BIOSTACK 
1 
Background and J u s t i f i c a t i o n  
The f l ux  of very heavy p a r t i c l e s  and high energy heavy p a r t i c l e s  i n  
space i s  very small. Nevertheless, during long durat ion space missions 
the t o t a l  number of these p a r t i c l e s  can become very large.  The response 
of a  b io log ica l  system to  an incident  p a r t i c l e  depends on the  function the  
h i t  (damaged) region has fo r  the i n t e g r i t y  of the  b io logica l  system. A 
s ing le  event can produce tremendous damage i f  i t  occurs i n  an e s s e n t i a l  
pa r t  of t h i s  system. A Skylab spec ia l  t e s t  object ive indicated t ha t  heavy 
ions occur a t  g rea te r  f l ux  dens i t i e s  than had been previously determined. 
Currently i n  manned space f l i g h t ,  the physical da ta  of incident  heavy 
p a r t i c l e s  a r e  determined by using physical ion detectors .  The simultaneous 
determination of t he  b io logica l  e f f e c t  produced becomes a  usefu l  supple- 
ment. 
The Biostack experimelt w i l l  provide da ta  on the  b io logica l  e f f e c t s  
of individual  heavy nuc le i  of cosmic r ad i a t i on  during space f l i g h t .  These 
e f f ec t s  w i l l  be determined by f ly ing  b io logica l  mater ia l s  inter leaved with 
dosimeters i n  one u n i t  (passive).  I n  addi t ion,  a  second un i t  (which is  
ac t ive)  containing s i l v e r  chlor ide dosimeter mater ia l ,  yellow l i q h t  sources, 
and some b io logica l  mater ia l  w i l l  be flown i n  t he  same loca t ion  i n  the CM. 
The l i g h t  sources w i l l  be ac t iva ted  by the  crew f o r  a  spec i f ied  time t o  
energize t h e  s i l v e r  chlor ide dosimeters. The t e s t  mater ia l s  w i l l  be evalua- 
ted f o r  response changes and compared t o  the  t racks of heavy n. '?i p a r t i c l e s  
a s  detected by the dosimeters. Additional i n foma t ion  concerning the  biologi- 
c a l  e f f e c t s  of spec i f i c  rad ia t ion  sources w i l l  a l s o  be obtqined, 
The r e s u l t s  of t h i s  experiment w i l l  contr ibute  t o  t he  so lu t ion  of 
severa l  problems i n  basic  research, namely : 
The b io logica l  e f f e c t s  produced by individual  high energy heavy 
ions and very heavy ions,  which a r e  not obtainable  from sources 
on earth.  
The combined and r e l a t i v e  influence of heavy ions and background 
rad ia t ion  by evaluating h i t  and unhit  regions of t he  Bioetack. 
The v a l i d i t y  of t h e  e x i s t i n g  t h e o r i e s  of microdosimetry by re- 
l a t i n g  the l o c a l  doses due t o  t h e  d i f f e r e n t  i n d i v i d u a l  heavy ions  
t o  t h e  b i o l o g i c a l  l e s ion .  
0 The combined inf luence of heavy ions  and space f l i g h t  f a c t o r s ,  
e s p e c i a l l y  weight lessness ,  by comparing t h e  r e s u l t s  of a space 
f l i g h t  experiment with those  of balloon-borne experiments and 
of experiments us ing acce le ra to r s .  
The r e s u l t s  of t h i s  experiment w i l l  a l s o  con t r ibu te  t o  t h e  information 
a v a i l a b l e  f o r  es t imat ing t h e  hazards f o r  man during long-duration space 
missions d u r i n ~  high a l t i t u d e  counnercial a i r c r a f t  t r a v e l .  
Previous Mission Ob j e c t i v e s  and Experiments 
Spec ia l  Test  
Objective Number T i t l e  Mission 
20.31 Visual  Light Flash Phenomenon Skylab SL-4 
Pass ive  Experiment 
Numb e r 
-
M - 2 1 1  Biostack 11-A 




Detect  and record r e l a t i v e  accelera-  
t i o n s  between a  low a l t i t u d e  and a  
high a l t i t u d e  spacecra f t .  
Purpose 
The purpose is  t o  demonstrate t h e  f e a s i b i i i t y  of recovering high 
frequency components of the  geopo ten t i a l  by use  of a  synchronms r e l a y  
s a t e l l i t e  t r ack ing  a  low a l t i t u d e  spacecra f t .  
The f u n c t i o n a l  t e s t  o b j e c t i v e  is:  
FTO 1)  Col lec t  CSM-to-ATS-6 doppler data .  
Tes t  Condit ions 
FTO 1) Non-gravitat ional  c o n t r i b u t i o n s  t o  the  d a t a  must be  minimized. 
A l l  dumps and vent ing opera t ions  w i l l  be i n h i b i t e d  dur ing t h e  
experiment c o l l e c t i o n  per iods .  It is  highly  d e s i r a b l e  t h a t  
SPS burns and uncoupled t h r u s t e r  f i r i n g s  be avoided and t h a t  
Doppler d a t a  be c o l l e c t e d  dur ing pe r iods  of r e s t r a i n e d  crew 
a c t i v i t y  (e.g., crew r e s t  per iods  and e a t i n g  per iods) .  How- 
ever ,  a l l  experimental  d a t a  c o l l e c t e d  dur ing crew a c t i v i t y  
per iods  is acceptable .  
The FDA1 r a t e  gyro range w i l l  be +1 degree pe r  second during 
t h e  d a t a  c o l l e c t i o n  periods.  
The PM d a t a  t ransmiss ion mode i s  required during each doppler 
d a t a  pass i n  order  t o  provide a  f u l l y  coherent  c a r r i e r .  
Tes t  Requirements 
FTO 1)  CSM-to-ATS-6 doppler d a t a  w i l l  be c o l l e c t e d  throughout a  min- 
imum of s i x  p rese lec ted  passes  of the  CShl wi th  ATS-6 coverage. 
It  i s  highly  d e s i r a b l e  t o  i n c r e a s e  t h e  number of passes  t o  
include a l l  those  passes  where t h e  CSM ground t r ack ing  re- 
quirement i s  s a t i s f i e d .  
Ground t racking of t h e  CSM by a t  l e a s t  t h r e e  d i f f e r e n t  USB 
and/or C-Band t r ack ing  s t a t i o n s  w i l l  be required during t h e  
time 2er iods  beginning 10 minutes preceding each ATS-6 doppler 
d a t a  c o l l e c t i o n  pass  and ending 10  minutes a f t e r  the  pass. 
Acquis i t ion of t r ack ing  d a t a  by t h e  Madrid USB s i t e  i s  requ i red  
during each pass  when con tac t  i s  poss ible .  Whenever two o r  
more USB s i t e s  a r e  a v a i l a b l e ,  three-way doppler should b e  t h e  
t r ack ing  mode employed. 
It i s  highly  d e s i r a b l e  t h a t  t h e  ATSR s t a t i o n  a t  Madrid t r a c k  
t h e  ATS-6 f o r  approximately f i v e  minutes j u s t  be fore  and a f t e r  
each doppler pass  i n  order  t o  v e r i f y  ATS-6 p o s i t i o n  data.  
Cont inw~us high b i t  r a t e  telemetry d a t a  a r e  required from on- 
s e t  of ATS-6 coverage o r  onset  of CSM t rack ing  by t h e  f i r s t  
t racking s t a t i o n  (whichever occurs f i r s t )  t o  l o s s  of ATS-6 
coveragz o r  l o s s  of CSM t rack ing  by t h e  t h i r d  t r ack ing  s t a t i o n  
(whichever occurs l a s t ) .  These d a t a  a r e  required t o  determine 
t r a j e c t o r y  per tu rba t ions  due t o  RCS f i r i n g s  and t o  determine 
CSM a t t i t u d e s  and r a t e s .  
During each pass ,  it is pre fe r red  t h a t  t h e  CSM be i n  t h e  iner-  
t i a l  hold a t t i t u d e  mode; however, t h e  o r b i t a l  r a t e  mode is 
acceptable.  The CSM a t t i t u d e  deadband w i l l  be 55 degrees. 
Table 1 lists t h e  revo lu t ions  f o r  t h e  prime and supplemental 









1 )  Premission Data: 
None 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
a )  Telemetry Measurements: 
The following te lemetry  measurements a r e  required through- 




Computer Digital Data 4" Bits 
FDAI SCS Body Rate Pitch 
FDAI SCS Body Rate Yaw 
FDAI SCS Body Rate Roll 
RCS Solenoid Activate C3/13/+X 
RCS Solenoid Activate A4/14/+~ 
RCS Solenoid Activate A3/23/-X 
RCS ScT snoid Activate C4/24/-X 
RCS Solenoid Activate ~3/25/+X 
RCS Solenoid Activate B4/26/+X 
RCS Solenoid Activate B3/15/-X 
RCS Solenoid Activate D4/16/-X 
RCS Solenoid Activate B1/11/+Z 
RCS Solenoid Activate D2/22/+Z 
RCS Solenoid Activate D1/21/-A 
RCS Solenoid Activate ~2/12/-z 
RCS Solenoid Activate A~/+Y 
RCS So1ehc;id Activate c~/+Y 
RCS Solenoid Activate C1/-Y 
RCS Solenoid Activate A2/-Y 
ATS-6 S-Band Receiver AGC 
ATS-6 S-Band Receiver Base Temp 
High Gain Ant Pos Pitch 
High Gain Ant Pos Yaw 
HGA Beam Width Sw Pos-Nar 
HGA Track Sw Pos-Auto 
HGA Track Sw Pos-Reacq 
ATS-6 Pwr Ampl No. 1 Temp 
ATS-6 Pwr Ampl No. 2 Temp 
ATS-6 Pwr Ampl No. 1 ON/OFF 
ATS-6 Pwr Ampl No. 2 ON/OFF 
Telemetry Measurement Tapes: 
One copy of the tapes containing the telemetry measure- 
ments listed in 3 a), correlated with CMT except that the 
CG 0001 V data will be in the form of decoded CMC words on 
a computer-compatible tape. 
Onboard Astronaut Voice Transcript: 
None 
Astronaut Debrief ings: 
One copy of the astronauts' scientific debriefing trans- 
cript. 
e )  T r a j e c t o r y :  
CSM and ATS-6 ephemeris data,  [Note: These data w i l l  be 
provided by NASA/GSFC d i r e c t  t o  the P I . ]  
NA-128 GEODYNAMICS 
Background and J u s t i f i c a t i o n  
Recent developments i n  t h e  p la te - t ec ton ics  hypothes is  of t h e  e a r t h ' s  
s t r u c t u r e  has placed added emphasis on the  need f o r  information concerning 
the  i n t e r n a l  d i s t r i b u t i o n  of mass i n  the  e a r t h .  The s t r u c t u r e  of t h e  
e a r t h ' s  g r a v i t y  f i e l d  provides one of t h e  few c lues  t a  t h i s  mass d i s t r i b u -  
t ion .  This experiment w i l l  provide measurements of in termedla te  waveiength 
(200 t o  300 km) f e a t u r e s  i n  t h e  g r a v i t y  f i e l d  which a r e  fundamental t o  
advancing our understanding of p l a t e  t e c t o n i c s .  
Considerable knowledge of the  s t r u c t u r e  of the  e a r t h ' s  g r a v i t y  f i e l d  
has been determined v i a  o r b i t a l  dynamics from accura te  t r ack ing  of a r t i f i -  
c i a l  s a t e l l i t e s .  However, o r b i t a l  dynamics is  not  s u i t a b l e  f o r  obta ining 
in termedia te  - o r  s h o r t  - wavelength g r a v i t y - f i e l d  f e a t u r e s ,  being l imi ted  
by p r a c t i c a l  reasons t o  g rav i ty  f e a t u r e s  wi th  h o r i z o n t a l  anomalies g r e a t e r  
than 3000 km. As a  r u l e  of thumb, a  d e n s i t y  anomaly w i t h i n  the  e a r t h  w i l l  
produce a  l a t e r a l  v a r i a t i o n  i n  the  e x t e r n a l  g r a v i t y  f i e l d  whose s c a l e  i s  
comparable t o  the  depch of the  anomaly. Thus, t h e  dens i ty  f i e l d  wi th in  the  
upper mantle of t h e  e a r t h ' s  c r u s t  a t  depths  of the  order  of 200 t o  300 km 
w i l l  genera l ly  be r e f l e c t e d  i n  h o r i z o n t a l  v a r i a t i o n s  of the  g r a v i t y  f i e l d  
with wavelengths of 200 t o  300 km. 
This experiment w i l l  provide da ta  on t h e  e a r t h ' s  g r a v i t y  f i e l d  by 
de tec t ing  g r a v i t y  induced a c c e l e r a t i o n s  a s  evidenced by doppler frequency 
s h i f t s  derived from the  coherent  r a d i o  c a r r i e r  during t h e  ATS-6/ASI'? r e l ay  
mode. 
Due t o  the  f a c t  t h a t  t h e  o r b i t s  t o  be flown on ASTP a r e  low (230 km a t  
the  maximun) e a r t h  g r a v i t y  anomalies can be de tec ted  us ing a  s a t e l l i t e - t o -  
s a t e l l i t e  l i n k  between t h e  low o r b i t i n g  s p a c e c r a f t  and an "Orbit ing Tracking 
Sta t ion" ,  i n  t h i s  c a s e  ATS-6. I t  should be noted t h a t  the  r a t i o  of inc rease  
i n  g r a v i t y  s e n s i t i v i t y  i s  about 1 3 : l  going from GEOS-C (1000 km) type  o r b i t  
t o  the  230 km o r b i t  of the  ASTP experiments. Gravity f i e l d  r e s o l u t i o n s  
i n  the  order  of 230 t o  350 km w i l l  thus  be obta ined.  
The r e s u l t s  of t h i s  experiment w i l l  complement those  of ASTP exper i -  
ment MA-089, Doppler Tracking, where s e n s i t i v i t y  t o  d e t e c t  g r a v i t y  anomalies 
i s  expected to  be i n  the 200 to  500 km range. 
Previous Mission Expar iments 
None 
EARTH OBSERVATIONS AND :"qGRAPHY 
Observe and photogr~  ea r th  c a tures .  
Purpose 
The purpose is  t o  make v i s u a l  observations and obtain photographic 
da ta  per ta ining t o  the f i e l d s  of geology, hydrology, oceanography and 
meteorology from ea r th  o r b i t  on ASTP. 
The funct ional  t e s t  object ives  are:  
FTO 1) While i n  ear th  o r b i t ,  the crew w i l l  make v i sua l  observations 
of pa r t i cu l a r  ea r th  fea tures ,  processes, and phenomena. 
FTO 2) The crew w i l l  obtain photographs of mapping t a rge t s  of prime 
s c i e n t i f i c  i n t e r e s t ,  and other  photograph8 i n  support of 
the  observations defined i n  FTO 1. 
Test Conditions 
FTO 1) The spacecraf t  w i l l  be maneuvered so t ha t  t he  appropriate  
FTO 2) spacecraf t  windows a r e  pointed toward ear th .  
FTO 2) Mapping t a rge t s  of prime s c i e n t i f i c  i n t e r e s t  w i l l  be photo- 
graphed with a 70-mm HEDC using e i t h e r  a 100-m or a 250-m 
lens and TBD film. The HEDC w i l l  be bracket-mounted i n  the 
r i p t  hand s ide  window. An intervalometer w i l l  be used. The 
time of opening the HEDC shu t t e r  v i l l  be provided a t  high b i t  
r a t e  v i a  telemetry f o r  each of ti::! mapping ta rge ts  photo- 
graphed. I f  ATS-6 and/or STDN a re  not ava i lab le  for  r e a l  t h e  
telemetry coverage, the da ta  recorder reproducer w i l l  be used. 
Photographs of observation t r age t s  w i l l  be made with a hand- 
held HRC, using a 50-mm lens  and a 250-mm lens with f i l t e r s  
and - TBD film. 
Test Requirements 
FTO 1) Visual observations and voice commentary w i l l  be  made i n  
accordance with a list of t a rge t s  E. 
Crew comments w i l l  be recorded using the  onboard tape recorder 
except when r e a l  t i m e  voice communications with t he  MCC a r e  
possible.  
Where appropriate,  t h e  eye wil l  be aided by =power binoculars,  
,A .XI t he  observations w i l l  be recorded by annotating onboard 
:.harts and graphics. 
FTO 2)  Happing t a r g e t s  6 r e  a s  def ined i n  Table E. [Note: It is 
a n t i c i p a t e d  t h a t  t h r e e  pe r iods ,  of approximately t e n  minutes 
dura t ion  each, w i l l  b e  required t o  photograph the  mapping 
t a r g e t s .  ] 
Observation t a r g e t s  t o  be photographed a r e  a s  def ined i n  
Table - T3D. 
Telemetry da ta  a r e  r equ i red  f o r  t h e  mapping t x g e t s  but  a r e  
not required f o r  t h e  observat ion t a r g e t s .  
The s p e c i f i c  l e n s ,  i n t e r - ~ a l o m e t e r  s e t t i n g s  and f i l t e r s ,  if 
a n y ,  w i l l  be  as l i s t e d  i n  the  above two t a b l e s .  
Data Requirements 
1)  Premission Data: 
None 
2 )  Mission Data: 
It i s  highly d e s i r a b l e  t h a t  crew comments be provided i n  r e a l  
time o r  near r e a l  time regarding p o t e n t i a l  observat ion tnrr-ts. 
3 )  Postmission Evaluation Data: 
Telemetry Measurements: 
Measurement 
Number Descr ip t ion 
- 
CK 1043 X 70-mm Camera Shu t t e r  Open 
Telemetry Measarement Tapes: 
None 
Two c o p i e ~  of the  onboard as t ronad t  voice  t r a n s c r i p t  a s  
descr ibed i n  FTO 1. 
Astronaut Debriefing: 
Two copies  of the  postmission s c i z n t i f i c  and photographic 
debr ief ing.  
Tra jectory  and Spec ia l  Data: 
A computer-compatible t ape  cont s in ing  re f ined  CSM ephemeris 
t o  a  3  sigma accuracy of 600 m, CSM a t t i t u d e  t o  an accuracy 
of 0.2 degree and time c o r r e l a t e d  t o  50 msec. Sun angle ,  
a l t i t u d e ,  subvehicle l a t i t u d e  and longi tude,  cen te r  of frame 
exposure and f i e l d  of view, and a t ab  l i s t i n g  of the  
measurements i n  3 a )  f o r  the  per iod when t h e  mapping 
pha tographs were obtained must be provided. 
f )  - TBD copies  of a l l  70-mm photogrcphs of t h e  t a r g e t s  a s  
 describe^' :n FTO 2. 
g) TBD copies  of a l l  HRC photographs of the  t a r g e t s  a s  
descr ibed i n  FTO 2. 
h) Two copies  of a s t r o n a u t  logs o r  vo ice  records  conta ining 
comments r e l a t e d  t o  both the  v i s u a l  observat ions  and the  
photographic per iods .  
MA-136 EARTH OBSERVATIONS AND PHOTOGRAPHY 
Background and J u s t i f i c a t i o n  
The va lue  of a s t ronau t  observat ions  from o r b i t  was e s t a b l i s h e d  on 
the  Apollo program i n  t h e  case  of the  moon, and on t h e  Skylab program 
i n  the  case  of t h e  e a r t h .  The human eye 's  ex tens ive  dynamic range and 
co lo r  s e n s i t i v i t y ,  and the  obse rver ' s  vantage po in t  i n  space o f f e r s  t h e  
opportunity t o  discove" new phenomena of i n t e r e s t  and t o  view o l d  phe- 
nomena i n  a  new l i g h t .  Visual  observat ions  w i l l  complement photographs 
a s  an  a i d  t o  b e t t e r  r eg iona l  mapping, understanding, and c h a r a c t e r i z a t i o n  
of e a r t h ' s  f e a t u r e s ,  processes,  and phenomena. 
The ASTP mission o f f e r s  t h e  f i r s t  oppor tuni ty  t o  reexamine s e l e c t e d  
f e a t u r e s  of i n t e r e s t  from Skylab e a r t h  observat ions  and t o  view these  
f e a t u r e s  from a  d i f f e r e n t  a l t i t u d e  and two y e a r s  l a t e r  i n  time. The 
r e s u l t s  of t h i s  i n v e s t i g a t i o n  are expected t o  f u r t h e r  e s t a b l i s h  t h e  va lue  
of such observat ions  a s  a  r o u t i n e  ob jec t ive  on o p e r a t i o n a l  Space S h u t t l e  
f l i g h t s .  
The types of f e a t u r e s  t o  b e  considered i n  t h i s  i n v e s t i g a t i o n  include 
the  following s u b j e c t s  : 
Geology: A study w i l l  be made of major a c t i v e  s t r i k e - s l i p  f a u l t  zones i n  
the  e a s t e r n  and western hemispheres. Extensions of t h e  f a u l t  systems may 
be discovered by studying vege ta t ion  or  drainage p a t t e r n s .  
Hydrology: A study w i l l  be made of closed bas in  water c i r c u l a t i o n  and 
shore l i n e s ,  and a p p l i c a t i o n  thereof t o  hydrological  problems; e.g.,  t h e  
Great S a l t  Lake, and the  Elack Sea. Snow cover s t u d i e s  based on photo- 
graphs taken of the  Himalayas, and hydrological  s t u d i e s  based on photo- 
graphs taken of the  p la ins  of Ind ia  and land a reas  inundated by r i v e r s  
a r e  of s p e c i a l  importance. 
Oceanography: A study w i l l  be made of ocean upwell ings and t h e i r  hydro- 
l o g i c a l  and b i o l o g i c a l  e f f e c t s ;  of major t r ends  of ocean c u r r e n t s  and 
app l i ca t ions  t o  such th ings  a s  t r a d e ,  shipping,  and f i sh ing ;  and of near  
shore environments and the  ex ten t  of water po l lu t ion .  
Meteorology: A v i s u a l  i n v e s t i g a t i o n  w i l l  be made of t o p i c a l  weather 
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problems such as frontal waves, tornadoes, storm centers, and localized 
atmospheric circulation. 
Previous Mission Experience 
Handheld Photography and Visual Observations from the Command 
Module - Apollo 7 through 17 
Visual Observations and Photography - Skylab SL-2, SL-3, SL-4 
ZONE-FORMING FUNGI 
Observe and photograph zone-forming 
fung i  growth p a t t e r n s .  
Purpose 
The purpose i s  t o  de termine  t h e  e f f e c t  of t h e  complex of space  f l i g h t  
f a c t o r s  on zone-forming fungi .  
The f u n c t i o n a l  t e s t  o b j e c t i v e  is: 
r'TO lj Photograph specimens of zone-forming f u n g i  p e r i o d i c a l l y  du r ing  
f l i g h t .  
T e s t  Condi t ions  
FTG 1)  The t e s t  c o n t a i n e r s  (Rhythm 1 dev ices )  w i l l  be i n s t a l l e d  i n  
t h e  s p a c e c r a f t  no more t h a n  48 hours p r i o r  t o  launch.  
Two c o n t a i n e r s ,  each con ta in ing  two P e t r i  d i s h e s  i n o c u l a t e d  
w i t h  zone-forming f u n g i ,  w i l l  b e  l o c a t e d  i n  t h e  LEB w a l l  t o  
t h e  r i g h t  of panels  120 and 121  i n  t h e  CM. Two i d e n t l  r a l  con- 
t a i n e r s  w i l l  a l s o  be  p laced  i n  t h e  Soyuz. 
Cabin i n t e r i o r  l i g h t i n g  must be  on du r ing  a l l  photography 
p e r i o d s ,  
Tes t  Requirements 
FTO 1) One photograph o f  each of t h e  two P e t r i  d i s h  c o n t a i n e r s  (wi th  
two P e t r i  d i s h e s  per  c o n t a i n e r )  i n  t h e  CM w i l l  be made every  
12 +3 hours  f o r  t h e  d u r a t i o n  of t h e  miss ion .  Thus approxi-  
mately 40 photographs w i l l  be  obta ined  us ing  a  35-mm Nikon 
camera, a 35-mm l e n s  and c o l o r  i n t e r i o r  f i l m  ( t y p e  SO-168) a t  
a  d i s t a n c e  of approximately 1 2  inches .  The cosmonauts w i l l  
a l s o  photograph t h e  two c o n t a i n e r s  i n  t h e  Soyuz. 
The crew w i l l  exchange experiment  c o n t a i n e r s  (one each from 
t h e  Apollo and t h e  Soyuz) du r ing  t h e  f i r s t  v i s i t  of t h e  a s t r o -  
n a u t s  t o  t h e  Soyuz s p a c e c r a f t .  
Data Requirements 
1 )  Premiss ion  Data: 
None 
2) Mission Data: 
None 
3) Pos tmission Data : 
Telemetry Measurements: 
None 
Telemetry Meastrement Tapes: 
None 
Onboard Astronaut Voice Transcript: 
Annotated voice tape or astronaut log 




Two Rhythm 1 devices in the CM and two Rhythm 1 devices 
in the Soyuz 
TBD copies of appruximately 40 frames of 35-mm film 
-
MA-147 ZONE-FORMING FUNGI 
Background and J u s t i f i c a t i o n  
The ASTP f l i g h t  o f f e r s  t h e  f i r s t  oppor tuni ty  t o  study t h e  e f f e c t  of 
the  complex space f l i g h t  f a c t o r s  on t h e  synchronized zone-forming rhythms 
of fungus cu l tu res .  This w i l l  provide information on the  e f f e c t  of 
c i rcad ian  rhythms, with a half-phase s h i f t  by s t a r t i n g  a t  d i f f e r e n t  po in t s  
on the  e a r t h  ( i n  the  USSR and USA). Another o b j e c t i v e  is  t o  determine t h e  
e f f e c t  of l o c a l  r a d i a t i o n  f a c t o r s  (heavy p a r t i c l e s  and high energy andrones) 
on zone forming rhytha ,  growth assymrnetry, and regions  of zone breaks.  I n  
add i t ion  t o  comparing t h e  space flown specimens with t h e  c o n t r o l  specimens 
on t h e  ground, s e l e c t e d  spores from t h e  space flown specimens w i l l  be 
cul tured.  The zone forming c h a r a c t e r i s t i c s  of t h e  secondary fungal  c u l i u r e s  
of space specimens w i l l  be compared wi th  secondary c u l t u r e s  of t h e  c o n t r o l  
specimens. 
The Puschino s t r a i n  of Actinomyces l e v o r i s  Kzas (group Globisporus) is 
used a s  t h e  o b j e c t  of t h i s  study. 3y us ing t h e  c o r r e c t  n u t r i t i o n a l  medium 
and t h e  proper per iod of l ight-dark condi t ions ,  any des i red  zone forming 
rhythm may be imposed. A s  p a r t  of t h e  experiment, zone-forming rhythms 
w i l l  be synchronized with t h e  c i r c a d i a n  rhythms i n  t h e  USSR and USA (with 
t h e  half-phase s h i f t ) .  These c u l t u r e s  w i l l  be  placed i n  t h e  Apollo and 
Soyuz spacecra f t  where they w i l l  remain during t h e  f l i g h t .  During t h e  
f l i g h t ,  they w i l l  be  photographed p e r i o d i c a l l y ,  and one conta iner  from 
each of s p a c ~ c r a f t  w i l l  be  exchanged during t h e  docked por t ion  of t h e  
f l i g h t .  
Previous Mission Experiments 
None 
ARTIFICIAL SOLAR ECLIPSE 
Tes t  new methods of studyi1.g s o l a r  
corona and contamination surrounding 
a s p a c e c r a f t .  
The purpose i s  t o  observe the  1975 s o l a r  corona and the  spacecra f t  
induced environment around t h e  Apollo s p a c e c r a f t  i n  order  t o  determine t h e  
coronal  s t r u c t u r e  f o r  d i s t a n c e s  a s  g r e a t  a s  poss ib le  from t h e  s o l a r  d i sk .  
An atte-,ipt w i l l  be  made t o  c o r r e l a t e  the  coronal  r e s u l t s  wi th  t h e  d i s k  
a c t i v i t y  observed simultaneously wi th  ground-based observat ions .  
The func t iona l  t e s t  ob jec t ives  a r e  : 
FTO 1)  Photograph the  s o l a r  corona i n  order  t o  o b t a i n  its r e l a t i v e  
photometric c h a r a c t e r i s t i c s  i n  t h e  1975 timeframe. 
DTO 2) Determine t h e  e f f e c t s  of spacecraf t -associa ted  environment 
on t h e  measurements of FTO 1. 
Test  Conditions 
FTO 1) P r i o r  t o  undocking, t h e  CSM c o n t r o l  system w i l l  b e  u t i l i z e d  
FTO 2) t o  p l a c e  t h e  s p a c e c r a f t  -XD6 a x i s  towards the  sun. 
The undocking of t h e  two s p a c e c r a f t  w i l l  be made approximately 
one minute a f z e r  s u n r i s e .  
A t  t h e  moment of undocking, t h e  ZA4 a x i s  and t h e  -Y a x i s  w i l l  
be i n  t h e  p lane  def ined by t h e  s p a c e c r a f t ,  t h e  e a r &  m d  t h e  
sun, and w i l l  be o r i e n t e d  toward t h e  e a r t h ,  The necessary accu- 
racy of t h e  docked Apollo/Soyuz o r i e n t a t i o n  w i l l  be  no g r e a t e r  
than lfP.7 degrees  i n  p i t c h  and yaw, and - +1.0 degree i n  r o l l .  
Af te r  undocking, both  s p a c e c r a f t  w i l l  be  i n  i n e r t i a l  s t a b i l i -  
za t ion  mode. (The Soyuz i n e r t i a l  s t a b i l i z a t i o n  mode w i l l  be  
s t a r t e d  when t h e  Apollo commander s t a t e s  t h a t  undocking is  
complete.) 
The separa t ion  r a t e  of t h e  two spacecra f t  w i l l  b e  approximately 
one meter per second. 
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Test Requirements 
FTO 1)  Photographs of the  so l a r  corona w i l l  be obtained from the  
FTO 2) Soyuz fo r  approximately f i v e  minutes, although occul ta t ion  
of the sun by the CSM is  expected t o  cease a t  a considerably 
e a r l i e r  t i a e  . Experiment support photography from the  CM 
w i l l  a l s o  continue f o r  approximately f i v e  minutes for  post- 
f l i g h t  ana lys i s  of Soyuz shadow conditions. A DAC w i l l  be used 
i n  the CM t o  obtain photographs of the  Soyuz a t  two frames per 
second using color  ex t e r io r  f i lm (type SO-368) and a 75-mm lens. 
Data Reauirements 
1) Premission Data: 
None 
2) Mission Data: 
None 
3) Postmission Evaluation Data: 
None 
a) Telemetry Pleasurements: 
None 
b) Telemetry Measurement Tapes: 
None 
c) Onboard astronaut  voice t r ansc r ip t  of experiment period 
t o  include time of undocking and time of s t a r t i n g  the  
DAC 
d) Astronaut Debriefing : 
None 
e j Trajectory: 
None 
f )  Two copies of approximately 15 f e e t  of motion p i c tu re  
f i lm taken of the  Soyuz during the experiment 
MA- 148 ARTIFICIAL SOLAR ECLIPSE 
Background and J u s t i f i c a t i o n  
The Apollo-Soyuz f l i g h t  provides an  opportunity t o  observe t h e  s o l a r  
corona i n  t h e  1975 time frame and t h e  spacecra f t  induced environment around 
the  Apollo spacecra f t .  The use  of Apollo t o  provide o c c u l t a t i o n  of t h e  sun 
f o r  the  Soyuz spacecra f t  (providing an a r t i f i c i a l  s o l a r  e c l i p s e )  w i l l  pro- 
v ide  an  oppor tuni ty  t o  photograph t h e  coronal  s t r u c t u r e ,  poss ib ly  t o  sub- 
s t a n t i a l  angular d i s t ances  from t h e  s o l a r  d isk .  
I n  a d d i t i o n  t o  r e g i s t e r i n g  t h e  genera l  p a t t e r n  and ob ta in ing  photo- 
me t r i c  c h a r a c t e r i s t i c s  of t h e  o u t e r  corona of t h e  sun, d a t a  can be  obtained 
p e r t a i n i n g  t o  the  environment around the  spacecra f t  a r i s i n g  from outgass ing 
of sealed compartments, degassing and sublimation of ou te r  s t r u c t u r e  ma- 
t e r i a l s ,  and a t t i t u d e  c o n t r o l  t h r u s t e r  burns. 
Previous Mission E x ~ e r i m e n t s  
Experiment 
Number T i t l e  Mission 
SO52 White Light  Coronagraph Skylab SL-2, SL-3, SL-4 
5.0 INFLIGHT DEMONSTRATIONS 
Inf l i g h t  demonstrations have been approved i n  concept f o r  the  following : 
1. Gyroscopic m o t ~ o n  
2. Magnetic fo rces  
3 .  Fluid  dynamics 
It is a n t i c i p a t e d  t h a t  i n f l i g h t  demonstrations i n  o ther  a r e a s  w i l l  be 
i d e n t i f i e d  and t h a t  more d e t a i l  w i l l  be provided f o r  each demonstration. 
The demonstrations w i l l  be planned t o  provide:  
1. Visual phenomena, uniquely demonstrable i n  zero g r a v i t y ,  which may 
be of i n t e r e s t  t o  t h e  genera l  publ ic  and t h e r e f o r e  may be  s u i t a b l e  
f o r  r e a l  ; i m s  t e l e v i s i o n  coverage during t h e  j o i n t  a c t i v i t i e s  o r  
during s o l o  a c t i v i t i e s .  
2 .  A number of s c i e n t i f i c  phenomena occurring i n  zero g rav i ty  and 
recorded by t e l e v i s i o n  f o r  use  i n  making educat ional  f i lms  f o r  
classrooms. 
The JSC po in t  of con tac t  f o r  t h e  requirements of the  i n f l i g h t  demon- 
s t r a t i o n s  is  J. P,  AllenICB. 




The goals and object ives  of t e lev is ion ,  i n  order of p r i o r i t y ,  a r e  a s  
follows : 
(1) To provide a highly v i s i b l e  demonstration of in te rna t iona l  
cooperation with maximum real-time news coverage t o  the 
networks of t h i s  unique in te rna t iona l  news event. 
(2) To obtain real-time informotion f o r  evaluat ion and ana lys i s  
purposes t o  a s s i s t  i n  resolut ion of anomalies a r i e ing  during 
the conduct of the mission. 
(3) To record events fo r  h i s t o r i c a l  purposes. 
Television requirements have high p r i o r i t y  and a maximum e f f o r t  w i l l  
be made t o  ad jus t  mission t imel ine events,  f o r  which te lev is ion  coverage 
is desired, t o  occur where ground s t a t i o n  o r  ATS-6 coverage is avai lable .  
The JSC points  of contact  f o r  t e lev is ion  programming a r e  Capt. E. A. 
Cernan/PA and B. W. James /AP2. 
6.2 EQUIPMENT SUMMARY 
The Apollo hardware capabi l i ty  w i l l  include the  following: 
Four color  cameras 
Five t e l ev i s ion  locat ions (two i n  the CM, two i n  the DM and one 
i n  the Soyuz) 
Ground cont ro l  capabi l i ty  of s e l ec t i on  of the video source, but 
with an onboard override 
ATS-6 is t o  provide the  primary air-to-ground in t e r f ace  fo r  
approximately 55 minutes per revolution 
STDN coverage i e  t o  be provided v i a  f i v e  ground e ta t ione  
One onboard video tape recorder with a 30-minute recording 
capabi l i ty  
Onboard monitors fo r  use with t he  four color  cameras 
Miscellaneous items such ae cue l i gh t6  and a master synchronirer 
6 . 3  TELECAST SCENES 
A c t i v i t i e s  t o  be t e lev i sed  from t h e  Apollo s p a c e c r a f t  include t h e  
following scenes : 
Launch 
CSM t r a n s p o s i t i o n ,  docking and e x t r a c t i o n  of the DM 
DM checkout 
F i n a l  approach during rendezvous 
S ta t ionkeeping 
Docking 
In te rveh icu la r  crew-transfers and j o i n t  a c t i v i t i e s  
Undocking and docking t e s t s  
Undocked experiments 
Separation 
It is  a n t i c i p a t e d  t h a t  requirements f o r  o the r  scenes w i l l  be i d e n t i f i e d .  
I n  add i t ion ,  more d e t a i l  w i l l  be provided r e l a t i v e  t o  t h e  s p e c i f i c  require-  
ments fcr each scene. 
It i s  a n t i c i p a t e d  t h a t  t e l e v i s i o n  of t h e  Soyuz and Apollo launches 
w i l l  be exchanged between t h e  USA and USSR. 
Televis ion of c o n t r o l  center  a c t i v i t i e s  during t h e  mission w i l l  be 
exchanged. 
A l l  Apollo t e l e v i s i o n ,  and a l l  Soyuz t e l e v i s i o n  which is re t ransmi t t ed  
t o  the  IJSA, w i l l  be r e l e a s e 3  t o  t h e  news media immediately. 
7.0 PHOTOGRAPHIC REQUIREMENTS 
7.1 EXPERIMENTS 
The photographic requirements f o r  each of t h e  i n f l i g h t  experiments t o  
be performed by t h e  as t ronau t s  a r e  i n  Sect ion 4.0 of t h i s  document. The 
photographic equipment i n  support  of these  experiments is  included i n  Table 
7-1. 
7-2 DOCUMENTARY 
Documentary motion p i c t u r e s  and s t i l l  photographs a r e  required f o r  
r e l e a s e  t o  the  general  publ ic .  The following summary of i n f l i g h t  scenes 
is  under considerat ion.  After  agreement is  reached with t h e  USSR, addi- 
t i o n a l  d e t a i l s  w i l l  be provided. 
A l l  documentary motion p i c t u r e  photography w i l l  be a t  24 frames per 
second. 
The photographic equipment t o  be  used by the  as t ronau t s  i n  support  
of the  documentary requirements i s  included i n  Table 7-1. 





Summary of Documentary Scenes 
Descr ipt ion 
CSM t ranspos i t i -m,  docking and e x t r a c t i o n  of t h e  
DM 
General view of Soyuz from d i s t a n c e  u n t i l  
docking 
Transfer  of a s t r o n a u t s  i n t o  Soyuz 
- i n  Docking Module 
- i n  Soyuz 
Tour of Soyuz, va r ious  views i n s i d e  t h e  O r b i t a l  
Module and t h e  Descent Vehicle 
J o i n t  dinner i n  Soyuz O r b i t a l  Module 
J o i n t  a c t i v i t i e s  i n  Soyuz 
Astronaut r e t u r n  t o  Command Module 
Cosmonaut t r r  xsf er i n t o  Apollo 
- i n  O r b i t a l  Module 
- '.t Docking Module 
- i n  Cormnand Module 
Summary of Documentary Scenes (Continued) 
Scene No. Descr ipt ion 
9 Tour of Command Module 
10 J o i n t  a c t i v i t i e s  i n  Apollo 
11 Cosmonaut r e t u r n  t o  Soyuz 
- i n  Conrmand Module 
- i n  Docking Module 
12 Tour of Docking Module 
13 General view of Apollo a f t e r  undocking 
14 General view of Soyuz a f t e r  undocking 
15 DM j e t t i s o n  












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8.0 CONTINGENCY AND BACKUP MISSIONS 
8.1 CONTINGENCY MISSIONS 
I f  an anomaly occurs a f t e r  l i f t o f f  which would preclude i n t e r v e h i c u l a r  
crew-transfer,  a l l  remaining por t ions  of t h e  nominal mission w i l l  be 
accomplished, where f e a s i b l " ,  t o  include spacecra f t  docking and undocking. 
I f  an anomaly occurs a f t e r  l i f t o f f  which would preclude Apollo/Soyuz 
docking, a l l  remaining por t ions  of t h e  nominal mission w i l l  be accomplished, 
where f e a s i b l e ,  t o  include rendezvous. 
I f  an anomaly occurs a f t e r  l i f t o f f  which would preclude rendezvous, 
a l l  remaining por t ions  of the  nominal mission w i l l  be accomplished, where 
feas ib le .  
D e t a i l s  of t h e  agreements between the  USA and USSR, r e l a t e d  t o  t h e  
j o i n t  a c t i v i t i e s  of t h e  above contingency missions,  a r e  included i n  j o i n t  
USA/USSR document ASTP 40500 , Contingency P lan  (Reference 5 - t o  be  published).  
8.2 BACKUP MISSION 
I n  case  CSM-111 becomes unavai lable  t o  perform t h e  primary ob jec t ives  
of the  mission,  a backup mission w i l l  be accomplished us ing CSM-119, 
DM-1, and DM/CM experiment backup hardware. No provis ions  w i l l  be made, 
however, f o r  a backup ATS-6 c a p a b i l i t y ,  f o r  augmented TV c a p a b i l i t y  o r  f o r  
SM experimeats . 
The f l i g h t  experiments t o  be included i n  t h e  backup mission a r e  a s  
follows : 
AR-002 Microbial  Exchange 
MA-007 S t r a t o s p h e r i c  Aerosol Measurement 
MA-010 Multipurpose Furnace 
MA-011 Elect rophores is  Technology 
MA-014 Elect rophores is  - German 
MA-028 Crys ta l  Growth 
MA-059 W Absorption 
MA-106 Light Flash 
MA-107 Biostack 
MA-136 Earth Observations and Photography 
MA-147 Zone-Forming Fungi 
MA-148 Art i f i c ia l  Solar Eclipse 
1. OMSF unnumbered document, Mission Implementat ion P l a n  f o r  t h e  ASTP 
Mission,  A p r i l  8, 1974, a s  amended. 
2. JSC document MSC-07765, Apollo/Soyuz T e s t  P r o j e c t ,  Opera t iona l  Data 
Book, Volume I - CSM/DM Data Book, P a r t  I - C o n s t r a i n t s  and 
Perf  orclances. 
3. JSC document JSC-08679, I n t e r n a l  Note No. 74-FM-3, A~ol lo-Soyuz  T e s t  
P r o j e c t  P re l imina ry  Reference Trajectory, January r ; ,  1974. 
4. J o i n t  USA/USSR document ASTP 40100, Launch Window Plan .  
5. J o i n t  USA/USSR document ASTP 40500, Contingency P l a n  ( t o  be  puk l i shed )  . 
6. JSC document MSC-96823, I n t e r n a l  Note No. 72-FM-116, The RTCC S t a r  
Catalogue f o r  Skylab,  May 4, 1972. 
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